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2.0 IIISTORICAL BACKGROUND

The need for a study to estimate the marginal cost of access was created by the independent
occurrence of two events in 1984:

(t) The divestiture of the Bell Operating Companies by AT&T as pHt of a negotiated settlement
of iiln antitrust ,,;uit.J and

(2) The creation or a new service called "carrier access" (0 be regulated. tariffed. and providtd '"
all carriers. as part of an on-going docket at the Federal C..ommunications C.ommission (FCC)
dealing with the entrance of competitors in long distance switched and private line services"

Though ultimately stemming from the same causes.s these events e"rted indepentlent effects. in
thr sen!"e' that thr absence of either 'Would not hive changed the oult:omt'. Acc~ had t.o be pro
vided as a separate tariffed service. either to replace the former Bell System internal transrer pric·
ing mechanism (to implement divestiture) or to provide rqual Iccess to all competing long d.,tance
carriers On a tariffed basis (as ~rt of Docket 711-72).

Since carrier accC$S service was envisioned as a regulated and tariffed servict' al its birth. rules for
cost support for proposed rates were not hr behind. Embodied in Part 69 of the C.ommi"sion·.'
Rules. the cost basis for access prices was explicitly determined to be a future tC't period. fully­
distributed average cost. Given this environment. the n«d for an estimate- of marRin4l costs for
these ~rvic~must be somewhat surpriSing.

There are at least three uses for these access marginal costs. First. when ac.Tess pric~s are changt'd
in I tariff filing. FCC rules requir~ that the effects of those price changes on demand and 00 cost be
taken into account in the subsequent rate calculation.' These pans of a taroff liling (del1Cribed in
Volum~ V of the AcceS1 Tariff DeJcripti<m and )usti/icalion) are known as "d.mand response" anti
·cost offset- estimates. r~pective)y. The d~mand response calculation ts1imates the change in
demand by service'S causKi by the propost'd -bastlint· chang~ in accfOSS prict'-.; Tht' (ost oUst't pro·
cess. in turn. calculates the changes in fully-distrihuted ~rvice cosb associatt'd with tho~ chomers
in 5trvice dtmands. Therefore. to apply the Part 69 mrthods. one must rirst t'stimate the chaogr in
actUlll total company costs; this change is then split jurisdictionally into an inttr!'tate and intra!o>tau~

component rollowing Part 67 of the Commission's Rules. The interstate componeot of the cost
change is then further split into cost chaoges by service using the Part 69 Rules. The initial c";lOge
in toul company costs I~ciated with a changr in srrvice demands is righlly a n1l1,-s:inuf (-h~t H,"

eept. and it is this use - in inttrstate acceSS tariff filings - that is the principal justification for the
model.

A second justification is to provide I test for cross-subsidi7.ation in various accf'SS rate structures.
Proposed rat~ structures for some access services involve multi-plrl tariffs or tapers. For SiIUI­
tions in which differ~nt classes of users hce diff~rent servic~ prices at the margin. it is important
to ensure that no class of service subsidizes anoth~r. One useful test lor this is. marginal cost test.
which certifies I multi-part or tapertd tariff as subsidy-fr.., (provitled the lowest marginll price in
the taper e"..,ds the marginal cost of service).

.l. United S'ates Y. AT&T Co.. .552 F. SUPP. 229 CD.D.C. 1"'11).
•. FCC flc\cke1 7'· 72.ItfTS find WATS Martat Slructur«. FCC DockC't No. 13 12. 81 f:('(' 2d 171(19110).

.s. Namely. tht emtrCrnct of compt:lition and the 1I'ChnoiociClI ch.,.Ce thlt made it p',sible.
6. Parf 61.38 of tht Rules nquira I projection 01 COlts for I rrprt~nt.tivl' t2 m('lnth prriod and In ntim.lt 01 the dh'cl

of ch,lRgrd Jlln on ',dlte: Ind rnenue.

2 I



SR-FAI>-OOO.:l.:l2
Issue 1. May 19117

A final reason to estimate marginal costs for acc~ Strv;ces is Ihat this industry. although
currently regulated. does not po"SeSS a monopoly franchise.' so that service managers must be con­
cerned with the effect of regulated access prices on the competitive position of the firm. The mar­
ginal cost of access is the limit to which competition can drive the price of access. and it i~ the floor
above which access prices will encourage increased entry into the access market. Thus. access prices
cannot substantially elceed their respective marginal costs for long periods of time. and managers
of access should find current estimates of marginal cost for access services to be useful information
even in a regulated environment.

2.1 Prnloua Studiea

Econometric cost and production functions have been srecified and estimated for telecommunica­
tions Rl"vi<:es for many ye.rs.a Interest in paromelers of the cost. function for former Bell System
output peaked during the period of the AT&T antilrust case because a measure of the returns to
scale .nd liCOpe for. fully-integrated telecommunications firm ""5 thought to be import.nt infor­
matinn for social policymalters.· Following this work. a more relevant ""t nf studies anempted to
c.lculale cost offsets IS part of the dem.nd response process for intrastate rote cues'· Indeed. in
1983. the first .nnu.1 interstate access charge filing used a marginal cost bosed on .n earlier Ne'"
York Telephone study. and subseqU<:nt annu.1 interstate filings by the N.tio....1 Exchange earrier
AssociaUon (NECA) .nd the individual Regions or DOCs gener.lly have relied on Ihis result. The
Commission has not criticized this methodology to d.te; on the contrary. the Commission expli­
citly used tbe NECA margin.I cost ef;\imate to .djust ils estimate of elchanr carrier costs for
dem.nd response effects in its response to the March. 19114 access tariff filings. t

2.2 Cost Offsets In AD Interstate Aa:esa Tariff Fllinl

The annual interstate access tariff filing is the principal vehicle through whicb the Commission
enforces its mandate to regulate the rate of return of the local exchange carriers on their interstate
access investment. Commission rules require th.t the Local Exchange Carriers (LECs) forecast
their demand and cost for each of the access rate elements and that a rate be set so that eacb LEC
will earn no more than its allowed rate of return. If the boseline demand and cost forecast results
in rates which are substantiaUy different from their current levels. the Commission requires that
the effects of these new rates on demand and cost be estimated. so that adjusted rates - inclusive of
demand response and cost offset effects - can be calculated. These rates. then. are partially con­
sistenl in the sense that the company ellPf'Cts to achieve the adjusted demand volumes and adjusted

1. The eo....illio.·. Third R.,.,., """ 0rMr 1Jl CC Docket 71·11. <r....aed F.bru.ry 21. 1913). par.craphl 1I0-lIt. 1Jl
whldt the Com1llislioft uplkltl7 njecU IlftOIIopol, ffaachiH la carrlrt accas u • marke1 .tructUR solutio. 10 ptoblcllll
ueated "J thcb proposed uaeeoaoillic nco....., of NTS costa..

'0 L H. M••kll••Aa Econometric Stud,. of Rt'U,BI to Sc:ale i. the len System,- Start Research Paper, Orric:e: 01
TeJec:ommua.futioM PoUt,. Executi.. Officlf of the PrnidCII'. Waahiqlon. D.C•• f«brurl' 1974. 0' H. D. Vinod.
-Applic:ltiotll of New lidee Reemsion Methods to a Study of Bell S)"ttnb Scale Economies. Javrt41 of tlv AI'I'WrAJe
$1"'111_ h_",,_. o.c'lIlbat. 1976.

,. L •• OIristrJIJtD. D. c.. Ch,iJ1&'ftleQ.. and P. E. Schoech. 011. cU.• 1911. fa' In opposiftJ yte.... see D. S. Evans and J. J.
Hrdr.maft. ""Natural Monopoly: S,..tinl V, ... ed. D. $. Evan. (New Yo,lI.: No'th Holland Publishinl Com,.n,.
19UI.

,o. !ronomel,k (011 modeJJ, IDr IJItruute IUY'ka pac:.ted In the 191" N", York SLite ,a" ca.: NYPSC Cue: No. 21961.
A ilion ......ib...u.._ryla A. Noel Doherty. "EIIlpirleal &1IIIIot.. or De..ond .nd Coot E1utlcltla or Local TtI.pho..
Ser.tco: CIuJ,Cbo, 1'111'_ In R.p/dI.... Morbi•• OM T«hnelo,),; TIw Ef/.., on 1'U6ll<: U,UUy1'rtcln,. ed. P. C. M••a
a.d H. M. Tr.bi•• (wt .....i.C: 1••1IlUt.or Public Utilitla. t.I4), pp. In 141.

II. M........'ICIu.. o,.lnion ond er-. CC Docket NOI. l3·t145 tPh... I) and 71-72 (Pha.. I)...I.oaed M.y t5. 1914.
pancnph 72.
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cosIs if the hasel ine rates were to go into errec\.12

Once baseline rales are established and demand responsos to those rates are eSlim.ted. a change in
total company costs is calculated from the marginal cost model. This change in Ihe company
budget is then separated into ao Interstate and intrastate component. generally using the same per­
centage of interstate assigned by category of cost as appears in Ihe baseline company budget.

n
The

interstate portion of these cost changes is th~n assigned to switched and special access categories in
the sam~ proportion as baseline costs were assigned and. within categones. cost changes are assigned
to cosl dem~nts follOWing the baseline assignment proportions.

The demand response process yields changes in demand by access ~Iement. and the calculation just
described providt"S' changes in revenue requireme-nts by .ccess element. This is .n the informatinn
that is necessary to calculate rales for each .ccts5 rate element. Rate1' calculated u~ing this method
have the characteristic of actual drmand being equal to that eslimated by the demand resronse pro­
gram (in response to the ba'eliM rates): and if these adjusted rates ar~ in err«t. the resulting reve­
nue will be close to the revenur r"'Jui.-ment. Note .gain that the drmand volumes rreclicted hy
the demand respunse mnde' are incon"sl~nl with the adjusted rales (see fnotnote It). hut if thai
demand were \0 occur. predicted revenue would ~tisry the rate of return constraint.

-- _._-"---12.0bv iou,ly. Cull ("nai.trncy or lu,umplion. ha' nol been Ittaine:": thcre: Should be 'u.t~. affj\llfmcnt to dl'm.nd
\'olumci and co,ls to url«1 the tUlNlnd adJusud ,.,rs. In pracHee:. lhe accuracy of 'he dcmand and ca,t da.tiCity
f'~timatl" lenerally do not ••ttln1 more th.n CIne itera1ion (\f this prOt'eSi.

I.'. This is jus1ifir d by the auumption (mlln'alned 'hrouchou1 Ihis prou~durel that investlfV7ll is to" slo.... 10 re.pnnd 1D
dC'nund chanle's ,.-i1hin 1he t«' year. Thus. invc~'mrnt e)(prn~ts rt>main riud for the tell yur, .nd sepa•• ttons faclors

1hlt IfC drh en by ;n,,"nfml'n' .Iw 'I'ma,n fixrd.
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3.0 SPEOFICATION. ESTIMATION. AND INTERPRETATION OF THE MODEL

3.1 Introduction

In Ihis section we discuss the statistical methods by whieh we elltimate the marginal cost of inler­
Slale access serviers and the assumptions that must hold for these methods to be valid. We pre,;enl
estimales of the unknown paramelers of the model. statisli,al trsts that suggest the limitations of
tho.•e estimalrs. and an interpretation of lhose elllimates.

3.2 Model SpedflutioD

Consider a firm (a predivestiture aggregale of Bell Operating ('.oropaniC!;) that chooses level" or
variahIe inputs (labor and raw materials) to produce its observed level or outpUI al miniroum co..t.
assuming that its capital stock is fixed at its observed level. The operative behavioral assumplion
is Ihal variable cost is minimized. cooditional on Ihe level of oUlpUt. prices of the variable factors
of p",duclion. and the level of the capilal slock Ihat is assumed to be quasi-fixed.'· or oUlside of
Ihe f"m's control when levels or variable faclors of production are chosen. The marginal cosl e;ti­
male.s we will calculate will a.,,"ume that Ihe level of output. the level of Ihe capital stock. and the
pricf:!.' of variable- r.etors are exogenous.

lit-ft. a rroblrm is orten thought to arise for a ralt·-of -rrtur" r~gulaled firm. F(lf ,"uch • I.rm.
prices are chosen so that revenue will equal cost (including a rate of rei urn on Ihe allowed rate

ba",,). If our roeasure of output is deflated revenue. it might appear Ihal random r1uclualions in
cost would be correlated with random r1uctualions in measured oUlput. In this ca~. one could not
treat output as exogenous in the cost runction and to do so would r~uh in bi.~ and inconsi$tent
measures of margina' cost. However. prices are nx~d using lest ~ar ror~castsor costs and dtmand:
prices are nol urdated to ensure that actual rtvenue identically equals actual re"'('nUt requirrmrnl.'t.
Thus. aClual revenue can deviate from planned rev~nue because of demand perlurbations and
actual cost can deviat~ from planned cost (condilional on OUlput) because of cost perturbations.
Thus. disturh"nces in the cost function are nol necessarily correlated with variation in deflated
revenue.

We as~ume the cost structure of the firm can be approximated by a translog function form. This is
reasonable because a translog form is a local.u second-order approllimalion to an arbilrary cost
function." and because there is a long history of its use in rstimating telecommunications cost
functions." The translog variable cost function is written in the following form:

14. O\tr the limf' JWflod of 1hf' Simple. the UPlt.) stnck chlnets; ho""n'~r. it is n(lIIl'\Umerl that the rirm .djuStllhl' upiul
"(1rk inst.nllnf"l'usly '0 mlnimilf' COltl. Arnone 'hit TtSUI\S of th~ !>tudy "-. 11'"~t of thf" hlpllthrsis that 'he Icul 01 the
urit.oIl oh'cn td IS cos, minirniline.

15. i.c .. in the nt'iehhl1fhCKlrl of the oh;\cn·"d dale.

If). E. nit"'.l'. -'ppliu,\\on.. of nu.lity Theo!)," FronJIUS ot Quan(lIo(I"'~Economics. cd. M. Intfllll.tOT and O. Krn.hjck
Vt,l. 2 ('\ITl'i.lndun: NNlh Holland rubli\hine Company. Iln4).

1"1. M_ IN-nny, ('. E~usnn.M. fuss .•nd L. \\·.vrtm.ln. "E~tilll.ltinc..lhrErrrcb of p.rrll'iion I" -rt"(hnolo~I(.lllInoVAII.. I1" in
1 rluunununlull0nl: 1 he r,oduclll1n St,hrlurc ('If Ikll ('.itllolda, Corto.J'Uln Jourlll1/ 01 F.,uIIOMICS, frblua,y. "III ~ N..d'H
.. nd ~h.n"tTm.n, I Qftl. op cU_: and Chfi~lrn5t:n.Chri"f'nun and Scl1nech, 198-'. op. Cd.
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where CV is variable cost: K is Ihe level of capital input; N is Ihe si~.e of the network; T represenls
the level of lechnology; Y is tbe level of oUlpul; P, are Ibe prices 01 the variable inputs; and
'1'1)= YJ·

From Shepbard·s Lemma." the cost sbares (Mi) of Ihe Iwo variable inpulS are equal 10 Ihe loga­
rithmic derivatives of tbe cost function with respecllo Ihe two input prices:

We follow standard economelric practice in appending classical dislurbances 10 Equalion (I) and
tbe two equalions ~mbodied in Equalion (2). Tbe parameters of tbe cost function Ihen can be
estimlled by treating tbe tbree equations in (I) and (2) as a mullivariate regression and using
Zellner's seemingly unrelated regressions tecbnique'" Because the share Equations (2) sum identi­
cally to one. tb~ disturbance covariance matriI 01 the tbree-equalion system is singUlar. We Irell
this in estimaling the system by dropping eitber 01 tbe share Equalions (2) at Ihe second stage of
the Zellner procedure. These estimates are asymptolically equivalent to maximum likelihood
methods and are invariant witb respect to wbich factor sbare equation is deleted. Note. bowever.
tbat hypothesis tests and estimated confidence inlervals are only valid asymptolically.

This specification follows thaI of Caves and Cbristensen (1984).20 in tbat a network size variable
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InCV =00 + OK InK + ON InN + Oy InT + Oy InY + r /I; InP,
I

+ 1/2 8u (InKJ2 + 1/2 &NN(lnN)2 + 1/2 &yy(InT)2

+ 1/2 &YY(lnY)2 + 1/2 r r Y'JlnP, InP) + rPK, InK InP,
• ) I

+ r PN. InN InP, + r PTi InT lnP; + r Py, InY InP,
I I i

+ PKN InK InN + PKT InK InT + PKY InK InY

+ PNY InN InT + PNy InN InY + PlY InT InY.

M, = /I. + r '1'1) InP) + PKI InK + PN' InN + PT, InT + Py, InY .

Equation (tJ

Equalion (2)
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(N) is mcluded as an eJog~nousexplanatory varia hie. The Jlurpost nr this !'J"f'('iricatinn is to pel mil
the distinction ~lwren thf'" cost impacts of changes in output and changes in the size of the "'Y~lem.

An incrf'aSf' in output that occurs without • C(lrrt~ronding .dditlOn to the Si7..e or the network.
should be It~ costly than an identical increase in outrut that is accompanied by network expansion
1:>t'causc the existing capital stock is Ning used more intensely. This distin.... tion has lle'C'n f'mtxldird
in Iwo p,ramelers Ihll are funclions of Ihe parameters of Ihe variable cost funclion (I) and (2): a
returns to scale and a rrturns Lo density parameter. RtlUrns to scale in this sp«ifkllion is tM rro­
ronional increase in output and network sizt' madt' po~siblf' by a proportional incrrase in all inJ'u\"lIli.
holding tf"fhnology fixf'd: returns to d~nsity is tht proportional im:reasf' in outrut cau~J by • pro­
portion.1I incrta~e in .11 inputs. holding network size anc1tt-ehnology fixed.

Succe,,<ful eSlimalion of Equalions (I) and (2) wilh no furlher restriclions on Ihe paramelers is
unlikely from our limiled lime series dall since Ihere are 27 unknown regression codficienls plus
di~turhance covariance parameters to be estimatr-d. MOft'Over. thert is little variation in factof
shares and lillie inderendenl variation in faclor prices OVer Ihe reriod of Ihe sample. The facllhal
tht size of the former nell System was increasing smoothly over the reriod also will make it dirri~

cult to distinguish cost errr-cts of re~ar{"h and dr-velormrnt from cost changes duf' to increast"d
ecunomies of scale. The solulion is 10 reslricl Ihe paramelers of Equalions (I) and (2) in plausihle
ways Ihal do not conlradicl Ihe dala. and We will discuss such reslriclions when we present Ihe
parameter estimates. A pri.ori. howrver. we know that I cmr;t function must be homogenou,1Ili of
degree one in input prices.2'1 which implies the ronowing restrictions on thr rarameters:

r/l, = I. UK' = O. UN' = O. Ur, = o. UY, = o. r1',. = O. for all j

3.3 IlIl'uts Rrl.ulred

To «Iimale Ihe paramelers of Equaliuns (JJ and (2). Ihe following t1au is required for Ihe aggre
gale of the pr~(livesliLUrenell 0reraling Companies:

- variable Ol'~ralingexrenscs
- OUlpUI
- ("rilal slock

v"riable inpul prices:

- labor
raw materials

nrt work size
technology index.

Deuil_d developmenl of Ihese series from lelephone company accounlS is present.d in Seclion 4 O.
In this seclion. We presenl enough of an overview of Ihe tlala to facililale underslanding of the
results.

11. D~ ..."t. op. cit.

19. A. Ztllncr. -An EUic-icnt Method or Eatim.tine Secmlnc1y l1nrC'l.ted MClraaio", and Tcatl (or An,e-Iation Bin." JouTnIIl01'''' A.....Ic... Slalurlcal A._........ 1962. pp. 346-J61.

20. D. W. Clns. L R. Christensen and J. A. S....nlOn. -Productivity in U. S. Railroads, "'1-191.'- B.U Jou.rft4l Of
Ectn'lDlrlic$. Sprine. 1'10.

3-2

--- ._--
21. If .. II input prices arr douhlrd. vui.blt opeu,ine: cnils .... 'ill dllublt btClillU onI}" rrla/i"" priers of inputs matter.
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The basic data used in this study ue similu to those used by Christen~en.Cummings. and Schoech
(1980) and Christensen. Christensen. and Schoech (1983)" with the following differences:

- a network size vuiable is calculated:
- observations ue quarterly between 1972 to 19112. not anoually: and
- the unit of observation is the aggregate of the predivestiture IJeIl OpeTlting Companies. not

the entire former Dell System.

Tbe basic approach is to construct variables at the most disaggregated level possible and aggregate
to the level required by Equations (1) and (2) using the a~fropriate indu for the production func­
tion we have implicitly specified in F.quations (I) and (2).

Variable operating expenles were calculat.d as lhe sum of labor and raw materials costs.
Ind as described below.

Output was based on I I principal rev.nue m.asures including both int.rstat. and intrlstale
services_ The revenue categories w.re deflated by appropriate price indexes to obtain II
qUlntity indexes which w.re then combined into a Tornqvist index of Iggregate former Bell
System output.

The capital stock series was calculated by applying the perpetual inventory method to
twenty different types of owned tangible a~ts. Two surveys of former Bell System capi­
tal stocks Cin 1972 and 1979) prOVided benchmuk measures of the capital stock and
replacement rate in each account. For each of the twenty categories. Investment and depre­
ciation series were constructed; when combined with the benchmark data. this provided a
capital stock in service time series for each category. These stocks. asset prices. and replace­
ment Tltes. combined with former Bell System cost of capital and tax data. were used to
calcurate capital service price weights.'· These weights then were used to caleulate a
Tornqvist index of aggregate former Bell System capital stock.

Real libor input WIS calculated by constructing a Tornqvist index using wage rites and
Iggreglte hours worked for eacb of several mljor employee groups. The Iohor priu iru/ex
was calculated by dividing total libor compensation by this estimlte of the quantity of
labor services employed. Labor costs were caleullted as the product of the labor price
index and the measure of real labor input.

Total raw materials costs were caleullted IS I residual by subtracting labor costs. operating
rents. Ind deprecillion Ind amortization expenses from total operating expenses. The raw
material. price index WIS Issumed to be proportional to tbe GNP price denator.

Network .iu WIS measured as the number of main and equivllenttelephones in service.

21. L R. Chri~t~nKn. D. Cummincs. aDd P. Eo Sc:hoech. -Productiyity in the Bell System. 19.7-1977: paper prese.,td at the
Eichl Anau•• Telecommunk.llioDl Policy aacarch Confe""". April 1910; ••d Ch,iltmaea. Otrblmsm. ud Schoech
(1913)•.,. cU.

2J_ Su_,ion 4.2

24. Stt,.,n 4.0
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The tuhnnlogy index was takeo to be the Poisson-weighted IS-year distrihuted lag in real
researrnand developmeot expenses in the former Bell System which was developed by
Vinod (1976).'s

Quart~rly ob.!"ervations for all of lh~st series wer~ calculated hom 1972 to 19K2: the dala are
presented 10 Figure 4-4 in Subsection 4.S. Data Sources.

3.4 Outputs from the Model
Filling the coM and factor ~hare r;luation~ (Il Ind (2) to the time series dati discussed in Suhsec­
lum 3.2 proviltes eS1imatrs of thr unknown raramt"lrTs of thf" modrl (the (;rt-ek Irltf'TS in [qUlt,nns
{Il and (2». In Iddition. test statistics can be calculated from these estimates. which sugg..t
whrther or not the assumrtions we have made in the model ~pecirication and estimation process art

contradicted by th. dati.

Recall that the purpose of estimating this model is to obtain estimates of the marginal cosl of vari­
ous acc.ss services. Th. coefficient of output in Equltion (t) is an dOtimate of the elaslicity of
operating cost with respect to oulput: multiplying it by the ratio of mel~ured oUlput to operating
cost yields an aggreglte marginal cost (i .... the dollar chlnge in cost a-sociated with I dollar change
in output). Subsection 5.1 di!'Cusses additional assumptions and a method und.r which that change
in cost can be attributed to changes in outputs of the differ.nt component .ervices of 10tal output.
l':ote that aggregate marginal cost - IS d.fined above - will vary with the rltio of output to co."
and thus vary ov.r tim•. On th. assumption that recent experience is most relevanl. we will cOlleu­
late marcinal costs as th.y were in 1982. Obviously. Iggr.gate marginal costs <ould be inputted to
current periods using curr.nt output-cost ratios. but since the approximation properties of the
translog cost function are only valid locally. we will not deviate from the range of data observed.

3.5 Estimation of the Mod.1
As pointed out earli.r. estimation of the co~t function in its most general form (Equation (I» is
unlikely to succeed because ther. are too many different parameters to estimlte independently
from limited time series data. Accordingly. the strltegy in estimating th. model is to find the most
general restricted specificltion of the model thlt has th. following tWO characteristics. First. the
implied shape of the estimated cost function Iccords with economic theory throughout the sample
period. Operationally. we shill take this to mean that throughout th. Simple period:

(I) costs should incr.ase with network. output. and factor prices:

(2) costs should decrease with improv.ments in technology;

0) the shape of the cost function should not vary wildly wilhin the Simple period: Ind

(4) the elasticity of variable costs with respect to the cal:,ital stock should approximlle Ihe
negative of the ratio of capital costs to varilble costs.

Second. the parameter restrictions necessary to yield the first charact.ristic are a priori plausible
and are not contradicted in statisticlltests based on the observed data.

_. - .---
25. H. D. Vimxt. "'ApphCltion of New Ridee Rflrnsion Metho(b 10 I Study ot Bell System Selic Economin: JourTUll 01 thl

Am~"i(Q" Slal;~I;u"AnocwrliOn. D«cmbn. 1916.
26. This is nrcnufY (or tM qu.lI.fixrel Clpil.1 slod. to be.t ill oplimll ,·.Iue. In 1ht I.mple. 1hc raHo or capital cost. to

\ ui.blt' npru1ine f'Xpen.n is rouChly conltanl 110.9.
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Point estimates and standard errors for Equation (I) - conslrained only for first degr~ homo­
geneity - are given·in Table 3-1 (Tables 3-1 to 3-8 are preliented at the end of this·section). Point
estimates are imprecise and the estimated cost funclion is very unstable in the sense that there are
lOme quarten in which aggregate marginal costs are negative or in which operating costs rise as
technology improves. Quarterly estimates of returns to scale range from -9.17 to +44.74.

The most restrictive version of Equation (I) that remains economically plausible is essentially a
Cobb-Douglas cost function. which includes only the first-order terms of each variable. This
allows returns to scale to differ from one but does not permit quarterly variation in the degr~ of
scale economies. Further. it restricts the elasticity of subl;titutionn to unity.

Parameter estimales for this specification are presented in column (2) of Table 3-2. Eight increas­
ingly ceneral specifications are presented here. in which the model (I) is limited to first-order
terms. second-order terms of single variables. and second-order cross-price terms. Virtually all
nine of the cost functions estimated in Table 3-2 m~t the reasonability tests just described.
Specification (2) has correct signs. four parameter estimates that are significantly different from
uro. and capital stock elasticity with apprOllimately the right magnitude.

The results for specification (3) suggest that a second-order capital term significantly improves the
uplanatory power of the model. Unfortunately. inclusion of the second-order capital term causes
the cost elasticity of the capital stock to vary implausibly. from -0.99 in 1972 to -o.S3 in 1982.
The second-order terms introduced in specification (4) are statistically insignificant. Specification
lS) suggests that the second-order technology term may be statistically important. Moreover. the
results imply that the change in costs with respect to technoiocy rises from -0.6 in 1972 to -0.3 in
1982 whicb. in turn. implies that returns to r~arch and development. thouCh still positive in
1982. have fallen OVer the sample period. ~ond-order price terms all appear to be important in
specification (6).

Specifications (7) througb (10) elplore combinations of second-order t..ms. Specificalion (7)
includes first-order terms and second-order capital stock and price terms. However. as observed in
specification (3). inclusion of a second-order capital term yields a cost function that is implausibly
unsuble over time with respect to the capital stock. Specification (8) includes second-order net­
work. output. and price terms. but. as in specification (4). the network and output terms are sta­
t istically in~ignificant. Specification (9) combines second-order technology and price terms and has
rouChly Ihe same result and interpretation as specification (sl- The second-order capital term is
included alonc with technology and price terms in specification (10) and exerts its previously­
observed destabilizing influence.

In summary. it appears that the inclusion of a second-order capital term in any specification leads
to poor performance of the estimated cost function and that second-order network and output
terms do not increase the explanatory power of any specification of the model. On the positive
side. second-order price and technology terms provide significant increases in uplanatory power
and plausible results. On tbis basis. specification (9) appears to be superior to its alternatives in
Table 3-2.

Table 3-2 provides estimates of returns to scale and returns to density. calculated at tbe mean of
the ample. These can be calculated directly from tbe parameters of tbe variable cost function by
the formulas:

11. A mcuu" or the raponliyc:neu or bctor ,hera to rd.live chances in factor prices.

Hi
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SCE =[I -(a IneV/a InK))/(a InCVla InY + a InCVla InN)

DNS = [I -(a IneV/a InK))I(a IneVla InY).

where seE and DNS are returns to scale and returns to density. respectively. Scale economies
range from 0.77 to 1.03. bUI throughout Table 3-2. Ihey never differ from one by an amount that
is statislically significant. Ilence. we estimate I further restriction of specification (9). whicb
impost'S constant re-turns to scale through the constraint:

QN = J - OK - 0v-

Imposing this constraint causes insignificant shifts in the- point rslimate-s of thr paramrters but
yields generally smaller estimated slandard errors: compare columns (9) and (II) in Table 3-3.

Model (I J) in Table 3-3 is our preferr<d model; Ihe marginal costs we will use for further work
will be based on its parameler estimates. It has the following desirable economic properties:

- co~ts incrrase: with outrut. nf'lwork size. and inrut prices
- it is homogeneous of df'gr~ one- in rrices
- costs decrease wilh improving t<chnology

the observed capital slock is relalively c10sp to Ibe cost minimiling level implied by model
[II)
the- cost function is concave- with respe-cl to input prices.

Slalistically.•1I parameters in the model are significanlly different from z<ro. The fil of the sys­
tem of equalions is mnre Ihan adequate. as shown in Table 3-4. The Durbin-Watson statistics
reject the presence of firsl-order serial correIalion of the residuals. The similarity in statistical pro­
perties of the faclor share equations is due to the singularity of the di"urbance covariance malrix
which. in turn. is due to the fact thlt the shares must sum identically to one. Fitted values and
r<siduals for the three equltions are presenled in Table 3-5. Finally. to examine the plausibility of
the totality of the param<ler reslrictions embodied in specification II II. we compare it against the
most generol model (specification It). which embodies only homogeneity). The appropriate statisti­
cal technique is an F tesl of the hypothesis that the addilional restrictions in specification (11) ar<
valid; it compar<s the sum of squared residuals in specificalion (II) with those in specification (I)
to determine the loss in fit produced by imposing restrictions that mayor may not be consi"ent
with the dlta. The F statistic equals 0.98. which is SUbstantially less than a conservative critical
value of 2.20. so tbat we are unable to reject Ihe restrictions on specification [I) that yield specifi­
cation (II).

3.6 InterpreutioD of the Results

Table 3-2 gives marginal costs of switched and special access for I<J82. which are implied by the
various models. Tbis calculation of the marginal costs for various components of total output is
based on Ihe formula:

Me, =~nC. x!!-"!. c.
alnY alnY j YI '

where (alnC./alnY) repre..nts the elasticity of variable cost with respect to Iggregate output;
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(BlnY/alnY,) represents the elasticity of a&&regate output with respect to output i; C. represents
total variable cost in 1982. and YI represents the level of output i in 1982 (represented in conversa­
tion minutes for switched access and dollar revenues (or private line).

The elasticity of cost witb respect to output comes directly from the econometric model estimated
and is 0.38 in specification [11]. The eluticity of a"rqate output with respect to output i comes
directly from the a&&rqator function used to construct aggregate output. It is equal to:

q"Y"/1:qftYjl'
I

where qJl is the set of prices used to construct Y. In the c.se where indexes of prices received are
used in a"rqation. tbis elasticity is the revenue share of class i.

Application of these formulas to calculate 19111 marginal costs for switched .nd special access ser­
vices is outlined in T.bles 3-6 .nd 3-7. Note tbat tbe m.rgin.1 cost per doll.r of revenue in 19112 is
the same for switched .nd specl.1 access services. This is a consequence of the .ssumption used in
constructing our measure of ."regate output that margin.1 costs are proportional to prices across
services. Thus.n assumption of our model is that the .dditional cost • ....xi.ted with an additional
dollar of revenue is the same for all services.

This formula - .nd the interpretation of the calculations .s marginal costs of Interstate access ser­
vices - depend on two critical .ssumptlons. First. we must assume that the intfl'state revenue of
the a"rqate of the predivestlture Bell Oper.ting Companies during this period. represents revenue
derived from services that are similar to interstate access services provided today. This m.y be
approllimately valid. since the system of access charges set up in FCC Docket 78-72 was con­
structed to mirror the predivestiture division of revenues pr«ess as closely as possible. Second. the
construction of the a"regate OUtput index implicitly assumes that the marginal cost of each of the
II catqories of output is proportional to its price. Since toervices' prices were set by fully­
distributed costs. it is unlikely that this condition would bold exactly. Indeed. specific parts of the
price of interstate toll were derived from an assigned reeovery of some of the costs of local service.
so that it may be that the ratio of Iocal-w-toll marginal costs was higher than the ratio of local­
to-toll prices. To determine tbe sensitiVity of oUr results to this possibility. we allow the ratio of
local-to-toll marginal costs to ellceed the ratio of local-to-toll rates by 10. 20. 30. 40 and .50 per­
cent. recalculate a"rqate output. re-estimate specification [II] and recalculate the associated mar­
ginal costs.

Sensitivity results are presented In Table 3-8. Our preferred model [II) implies that. in 1982. the
predlvestiture Bell Operating Companies Incurred '.U cents In operatin, costs for .n additional
Interstate .wltched ace"",, conversation minute and 20.68 cents for every additional dollar of reve­
nue: interstate private line revenue or interstate lI'Witehed ace"",, revenue. in particular. In an
elltreme violation of the assumptions underlying our output a&&rqation. the switched access mar­
ginal cost would fall to 4.39 cents per minute and the special (or switched) access marginal cost per
dollar of revenue would fall to 17.61 cents. A.50 percent violation of our assumptions gives rise to
roughly a 1.5 percent change in our marginal cosl estimates.

Recall from Section 2.0 the three uses to wbich results from this model are to be put:

(t) to calculate changes in costs caused by rate changes for demand response in interstate
access tariff filings.

3-8
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(2) to set a floor for access service prices to ensure that all suocategori.,; of the rqulated
service recover al least their marginal COSt. and

0) to estimate the level to which competilion can drive prices for interslate access.

For the first activity. marginal cost per dollar of service revenue is the appropriate measurement.
In Section .5.0. we take the point estimate for the model (for 1982). adjust it (or a (uture test year.
and show how it is applied in a tariU filing. For the second and tbird aC\iviti~. the rclevant mar­
ginal cost Uor switched access) is the cost per minute calculation. and that requires a few adjust­
ments. descriptions of which follow.

First. in calculating the marginll cost per minute in Table 3-6. ~e used an average cost per minute
figure derived from switched conversation minutes. Roughly speaking. a conversation minute is
equivalent to two access minutes: one at the originating and one at the terminating location of the
calln lIence. the marginal cost of a switched access minute (in 1982) implied by the mod.I is
approximately 2 ..58 cents per access minute with a standard deviation of 0.76 cents. Therefore. the
95 percent confidence interval for the marginal cost of a switched ace... minute implied by the
model is (1.09.4.06) cents per access minute.

Some furthrr adju~tments to this ~tim.te Ire nec~..... ry to compt:nsatr for differences bf'twnn lh('
predivesliture HOC interstate ..,rvice orrering in 1982 and !lOC interstate access ..rvice today. The
2..58 cents per access minute marginal cost includes the following services. which are not included

in swilched acc.ss today:

(I) billing and colleclion.

(2) operator services. and

(3) directory assistance.

The fully-distributed costs of these ..rvices generally eJtceeds one cent per access minute. which ­
if it approximates 1982 marginal costs - would lower our estimate of th. marginal cost of a current
switched accel'S minute (in 1982) to roughly 1..5 centS per minute. Further. even I""" quantifiable
adjustments must be made to compensate for changes in technology since 1982 (prtdominantly
digital SWitching and fiber transmission) and for costs aSlroCiated with pr.div.,;titure uoc. network
faciliti.,; that were transferred to AT&T at divestiture. The effect of both of th.... adju<tmen" IS

to further reduce the 1..5 cent marginal cost estimate.

---'-- ---
2&.11 differs from 'Wo plim.rily hee'ust or ul! ~dup time, bu"iy nils.. lind other illcompll'lf' nih "'holt' acceu timr .~

thuj;td to ,he intnl"xch.nCf carrier.t thf orieinl1int end.
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Table 3-1. Estimated Parameters of the Translog Variable Cost Model

a. -229~3 (2913~) PNL .290 (1.06)

OK 2.. 1 (9~1) PN... -.2900.06)

ON 2717 U ..36) Pn -.028 (.4..7)

aT -1157 (1776) PTM .028 (.4..7)

ay 6 ...7 (1161) PYL -.2611 (.261)

IJL -3.1" (11.0) py... .268 (,261)

IJ... 4.14 (11.0) PKN -.130 (9<4.6)

liu ~2.3 (48.9) Pn -28.4 01.0)

II""" 66.3 (~~6) Pu 48.3 (23... )

5n -6<4,OU8.7) PNT 170(148)

lIyy 19.200.7) p,.,y -80.0 (12~)

'1'1.1. -.026 U ..2) PTY -132 (29.9)

'1'1.... .026 (.142)

y ...... -.026 (. ...2)

Pn .223 (.248)

PK... -.223 (.248)
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Table 3-2. Parameter Estimates for Nine Variations of the Translog Cost Function

(standard errors in parentbeses)

III 1.1) (4) I') 161

2nd OTdC't
1st Ordc:r 2nd Order Output. 2nd Order 2nd Ordc-r

'.nmcter Tnms C.pit.1 Networ. TechnololY _ Prien

oK ·0.94 ·22.04 0.11 -0.1.1 ·0.94
10.22) <4.1" (0.19) 10.19) 10.22)

oN 1.60 2.02 l.H 2.01 I.H
10.89) (O.H) 161.24) (0.76) (0.91)

aT -0.2t -0,,0 0.40 ·l.J9 ·0.11
10.1$) 10.22) (0.22) (0.79) (0.26)

ay O.H 0.24 6.'1 0.24 o.H
10.H) (0.19) (16.l2l 10.1') 10.2"

IJL 0.77 0.77 0.77 0.77 0.14
(0.00) (o.OOl 10.OOl 10.00) 10.00)

IJ... O.H O.ll O.H 0.21 n,]b

10.00) 10.00) 10.001 10.001 10.(0)

lIu 0.97
10.22)

Ii""" 0.30
(l.JI)

lin 0.6J
(0.15)

lIvy O.ll
10.H)

'I'LL 0.01
fO.OJ)

'1'1.... 0.0'
fO.OJ)

'1'...... 0.0'
10.OJ)

Scale 1.00 0.77 0.11 0.7' 1.0J
10.JIl 10.11) 10.11) (0.17) (O.Jll

[)tn.it, '.10 7.12 1.11 7.58 '.72
lU8) (S.91l (9.20) (6.401 (U5)

IQ'2 Marlin.1 Colts (cents)
Swi1chN AettSI 4.H J.JO 4.17 ].26 4.jQ

Prj... tc Line 11.11 IJ.H 16.74 IJ.II I .....
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Table 3-2. Paramtltr Estimales for !\ont "'anal ions of lhe Translog Cost Function (continued)

(standard errors in parentheses)

17) II) 19) 1101
2nd·Order 2nd-Order

2nd Order Ne'work. 2nd·Order Capital.
C.pit.l. OU'put Technoloay TKhnolocJ'

rl"me'er P,tea Prica ~ Prica

OJ( ·22.11 0.1t ·O.IJ ·21.02
(4.92) (0.19) (0.19) (J'.47)

oN 2.00 ·0.11 2.0' 2.00
(0.73) (0.19) (0.76) (0.76)

oT ·0.41 .0.39 ·J.'4 0.2J
(0.22) (O.H) (0.79) (4091)

Oy 0.24 -7.72 0.24 0.24
(0.19) (l6.9J) (0.19) (0.19)

/lL 0.73 0.73 0.1) 0.14
(0.00) (0.01l (0.00) (D.OI)

/IN 0.27 0.27 0.27 D.26
(0.00) (0.01) (0.00) (0.01l

31(1( t.OO \.24
(0.23) (1.62)

3NN 0.21
0.41)

3n 0.66 ·0.16
(O.U) (1.01)

3yy O.J'
(0.74)

'l'LL -0.09 0.09 0.09 -0.119
(O.OJ) (O.OJ) (O.OJ) (O.OJ)

'l'L" 0.09 0.09 0.09 0.09
(O.OJ) lO.OJ) (O.OJ) (O.OJ)

1'.... -0.09 0.09 ·0.09 ·0.09
(0.03) (O.OJ) (O.OJ) (O.OJ)

Seale 0.71 0.11 0.10 0.71
(~.1l) (0.11) (0.\1) (0.\1)

De..lty 1.21 1.94 7.j9 7.09
(6.17) (9.'2) (6.46) (6.04)

1912 Ma......., Colts
S"'llcbedA..... J.21 4.31 J.23 J.27
PTlntcL/H 11.90 11.30 IJ.lI6 IJ.U

.5-U

SN l'AIHlOO5n
Issue I. May 19117

Table 3-3. Imposition 01 Constant Re(urns 10 Seale Upon lht Second Order Technology and !'riets
Model

(s(andard errors in partnlheses)

[9) [IIJ

s.-cond-Order
Second-Order Technology
Technology Prices

Parameter Priers SCE - 100

oJ( -OS3 ·0.79
(019) (OIS)

ON 2.05 1.40
(0.76) (0.26)

OT -3.54 -3.21
(0.79) (0.71l

Oy 0.24 0.3S
(0.19) (0.1 J)

/lL 0.73 0.73
(0.00) (0.01 )

Ii.. 0.27 0.27
(0.00) (0.01l

6n 0.66 0.63
(0.15) (0.15)

'YLL -009 -0.09
(003) (O.OJ)

'l'L" 0.09 0.09
(O.lll) (O.OJ)

y..... -(l.09 -Oll9
«llll) (llll])

Scale 080 !.llO
(018) (000)

Density 7.59 4.69
(6.46) (167)

1982 Marginal Costs
Switched Access 3.25 5.15
Private Line 13.06 20.68

)-Il
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Table 3-4. Statistical Fit of Preferred !\1odel Table 3-5. Fitted Values and Residuals of Preferred Model

Sum of Durbin- Fitted Fitted

Equation Multiple R2 sq. rroid. Watson Log Fitted LSFT MSf'T

Quarter Cost RESIDL Labor Share RESIDL Materials sln-e RESIDL

Cost Function 0.99900 .0061.5.5 189524 -
lAbor Share 0.20418 .012228

19721 21.~4112 .006348 .181387 -.011759 .218613 .0117r)~

1.718 19722 21.~6862 .009217 .179617 -.009314 .220383 .009320

Materials Share 0.20431
19723 21.60170 .003632 .718083 .018404 .221911 -.01~410

.012228 1.718 19724 21.63797 -.003128 .176951 .0032~4 .223049 -.0032~6

19731 21.66249 -.018~39 .716032 -.006693 .223968 .006f,'H

19732 21.69278 -.021469 •71~403 -.010984 .224~97 .010')83

19733 21.71394 .000961 .774902 .-.012632 .225098 .012633

19734 21.14301 .025253 .774281 .001498 .225719 -.007497

19741 21.16425 -.009094 .774322 -.003454 .225678 .003454

19742 21.19451 -.006393 .714206 -.012944 .225194 .012'}41

19743 21.82275 .004410 .714209 .011893 .225191 -.0118')0

19744 21.85335 .013590 .713884 .029888 .226116 -.0291l85

19151 21.81430 .002396 .772720 .007039 .227280 -.007036

19152 21.90839 -.001282 .171259 -.005752 .228141 .005746

19753 21.93861 .011246 .170289 .027595 .229711 -.027597

19754 21.97308 .002563 .769169 .025977 .230831 -.025975

19761 22.00569 -.004944 .767429 .006943 .232571 -.006946

19762 22.03801 -.016602 .765890 -.007693 .234110 .007697

19763 22.06712 -.007416 .765123 .027854 .234871 -.027849

19764 22.08803 .009054 .765345 .009797
\

.234655 -.009793

19771 22.U345 -.006088 .764275 -.009834 .235725 .009833

19172 22.14040 -.008179 .764447 -.014927 .235553 .014931

19173 22.16646 .002029 .764287 -.005453 .235113 .005454

19774 22.20280 .006485 .764045 .031881 .235955 -.031882

19781 22.23035 .003845 .763611 .006662 .236389 -.006668

19782 22.26491 .000214 .764319 -.030810 .235681 .030806

19783 22.29639 -.004181 .764161 .017793 .235839 -.017189

19784 22.33058 .017868 .763685 -.012985 .2363l5 .012'106

19791 22.37057 -.002991 .763155 .004330 .236845 -.004334

19792 22.40440 .002472 .762665 -.029321 .237335 .029322

19793 22.44028 -.003845 .762244 .007930 .231756 -.007937

19794 22.46710 .214328 .761698 .005423 .238302 -.00~421

19801 22.50232 -.006348 .761669 -.012157 .238331 .0121~7

19802 22.~3494 -.014359 .7619~8 -.028206 .238042 .028208

19803 22.56697 -.008194 .761558 -.010136 .238442 .010140

19804 22.59413 -.005630 .761403 .012347 .238597 -.012340

19811 22.62128 -.232608 .761252 -.016752 .238748 .016745

19812 22.65620 .031662 .760260 -.040153 .239740 .040148

19813 22.69435 .015305 .758738 -.006127 .241262 .006122

19814 22.73502 .009735 .755170 .004668 .244230 -.004663

19821 22.71666 .005890 .752214 .017889 .247726 -.017896

19822 22.81931 .012131 .149198 -.002513 .250802 .002~16

19823 22.85818 -.023743 .745868 .014944 .254132 -.014948

1~824 22.88869 -.005920 .742702 .006170 .257298 -.006764

3-14
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Table 3-6. Calcul.tion or \larginal Cost ror Switched Access

I. Elasticity or Operating Expense .31110
with Respect to Total Output

2. Elasticity or Total Output .2361
with Respect to In\enlta\e
Switched Access (MTS and WATS)

3. Elaslicity or Operating Expense .0900
with Respect to Interstate
Switched Access

4. Total Variable Costs - 19112 532.9911
(milliorl5)

S. Number of Switched Access 57.61111
Con...ersation Minutes - 19112
(milliorl5)

6. Marginal Operatine Cost of $.0S1.5
a SwitChed Access Minute - 19112

7. Standard Deviation of Marginal $.0152
Cost of Switched Access Minute

II. Switched Ser... ices Re...enue - 19112 $60.769
(mil\iorl5)

9. Marginal Operating Cost per Dollar $.20611
of Switched Re...enue

10. Standard De...iation of Marginal Cost $.0610
per Dollar of SWitched Re...enue

3-16

Table 3-7. C.lculalion or Marginal CO.I or Private Line

1. Elasticity of Opera ling Expense .3HtO
with Respect to Tntal Output

2. Elasticity of Total OUlput .039.5
wilh Respecl to Inte..late
Priv.te Line OUlpUI

3. Elaslicity of Operating Expense .0150
wilh Respect to Inlerstate
pri.... le Line OUlput

4. Tnl.1 Variable Cn<l. - 19112 sn.9911
(millions)

.5. TOlal Revenues - 1982 S2.401
(millions)

6. Marginal Operaling Cost $20611
per Dollar of Re...enue - 19112

7. Standard Devialion of Marginal $.0610
Cost

SIl-I'AI>-OOOSS2
Issue I. M.y 19117
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Table 3-1. The Scale-Constrained Second Order Price and Technology Model: Voriations in Output
Prices from Margina. Costs

(standard errors in parentheses)

III) 1111) (lib) Illd IlId) IlIe)

No 10'1> lO'l> JO'I> .0'1> jO'I>

Id.tin Idative .dative Itel.tive Rela1j\,c Rtlatiyc
P.rameter ~ VnialfoD V.ria'ioa Variation Variation Varia1ion

"'K -0.79 -0.71 -0.71 ·0.71 -0.77 ·0.77
(0.11) (0.11) (0.19) (0.19) (0.19) (0.19)

"'N 1..0 I.J9 I.JI 1.J7 J.37 1.J6
(0.Z6) (0.l6) (0.l7) (O.H) (o.m (0.21)

"'7 ·J.ll ·J.ZZ -J.23 ·J.Z. ·J.B U6
(0.71) (0.71) (0.72) (o.n) (0.72) (0.72)

Oy O.JI 0.J9 0.'0 0.'0 0.'1 0.'1
(0.11) (0.12) (0.12) (O.ll) (0.1l) (O.JI)

fJ L 0.7J 0.7J 0.7J 0.7J 0'7J 0.7J
(0.01) (0.01) (0.01) (0.01l (o.oll (0.01)

fJ .. O.H 0.Z7 0.27 0.Z7 0.l7 0.Z7
(O.QJ) (0.01) CO.OIl (O.oll (0.01) (0.01l

STY 0.6J 0.6J 0.6J 0.6J 0.6. 0.6.
(0.15) (0.15) (0.15) (0.15) (0.15) (0.15)

YLL -0.09 ·0.09 ·0.09 0.09 ·0.09 0.09
(O.QJ) (O.OJ) (O.QJ) (O.OJ) (O.OJ) (O.OJ)

YL.. 0.09 0.09 0.09 0.09 0.09 0.09
(O.OJ) (O.OJ) (O.QJ) (O.OJ) (O.OJ) CO.03)

l'.... -0.09 -0.09 -0.09 ·0.09 -0.09 -0.09
(O.OJ) (0.03) (0.03) (0.03) (O.OJ) (0.03)

Scale 1.00 1.00 \.00 \.00 1.00 1.00'
(0.00) (0.00) (0-00) (0.00) (0.00) (0.00)

Omsity •.69 '.57 •.•9 •.0 ••37 •.J2
(1.67) (1.65) (1.6.) (1.63) (1.63) (I.~)

\912 Martinat CooU
Swlt<1wd A«aa 5.U 5.00 •.1] 4.6' '.53 4.39
Pri.ate LiM lO.6I lQ.07 \9.42 11.10 11.\9 \7.6\
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~.O DATA DEVELOPMENT INSTRUcnON5: HOW 1'0 ESTlMATE TELEPHONE OPERAT­
ING roMPANIES' MARGINAL COSTS OF LONG-DISTANCE SERVICE

~.I Introduction

Thtrt are two major requirements for 51llistiea! analysis of telephone comrany costs. First. kry
economIc parameters must be developed from the initial datahase. Second. a sophisticated
knowledge of econometric techniques must be applied in Ihe analysis of the dall's implications.

This section addresses the first issue. that of dall development. It describes the actual procedures
used to p"pa" key variables for the 1911~-19/16 study of the ROC...' aggregated costs.

~.2 The Issue of Aggregation

Costs depend on the prices of the capital. labor. and materials inputs used to provide telephone ser­
vices. as well as upon the levels of characteristics of these services. Hecau,,", th~re are many sub­
calegori~s of ••eh input. and heeau,,", it would ~ unsuitable to include these numerous sub­
cat.gories in a regression equation directly. it is n.cessary to develop aggr.gate measures of the
prices and quantities or the three input categories and of output.

Th~ aggregation is accomplished through I Tornqvist indexing procedure.2~Through this procedure
it is possible. for example. to aggr~gate different types of labor into a single labor input. and 10
aggregate different t~lephone services into a single output. For a particular input or output. this
index is developed through use of the following equations:

In(X,/Xt-I) = r: Wu In(X,.• /X, .•_,)

WI.' = (W., + W •.,_,)/2

W •.• =PuX,-,/(r:P~X~).

where Xu i~ the quantity of input (or output) i; P,-, is the price of i. and X, is the aggregate quan­
tity index.

Once an arhitrary value is as'Signed to the index for some base period. the values of the index in all
other periods may be determined from the equations.

An important feature of the Tornqvist index is that it is exactly consistent with the homogeneous
Hanslog cost funtlion used by Christensen Associales in the econometric analysis of telephone com­
pany costs. I ike the translog cost function. this index does not require inputs to ~ perfect substi­
tutes: The index allows for the possibility that companies will dec..ase u""' of particular input as
the relative price of that input increases.

~.3 Basic Data Required

Ideally. dall would ~ collect~d in forms immediately suitable for aggregation into the variables
required for regression analysis. In general. however. data are coll~cted for other purposes. and
must I>e manipulated extensively to create th~ p.«urson of the regr....;on varia hIes.

29. Tornq'"ist (IQj6). Oin..crt (tcI16) lives I.oorl summar)' of thl" prnpert~1 of the Tornqvist inde•.
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C<>nsequently. the following data series were collteted and used to generate the aggregate variables
required for the ""onometric model:

For llbor variables:

- totll wage earnings
- wlge earnings IlIoclted to pllnt construction
- wlge earnings allocated to plant removal.

For materials variables:

total operating expenses
- operating rents
- total depreciation and amortization expense
- GNP price deflator.

For the OUlput "ariable:

price indexes. by type of service
- revenues. by type of service.

For the nelwork variable:

- number of mlin equivllent telephones in the system.

..... DenIOpIDeut or Variable.

4....1 Labor Variable.

Statistical anilysis of the cost function requires development of two key libor variables: one thlt
measures real libor input. and another that measures the price of libor. These were developed in
five steps.

In the fint step. the quarterly payroll ""pense for the B<>C:5 Ind for LonS Lines (lL) was calcu­
lated as that portion of total waC" eamlnp that is purely an operating expense. This was Iccom­
plished by subtractins those costs that are related to capi"'l from total wase earninss:

Quarterly Plyroll for B<>C:5 (or ll) - total wlge earninss - wage earnings allocated to
plant construction - wase earnings allocated to plant removal.

The foregoins measure of payroll corresponds to that appearing in the BeU System Slatisticd
MIJ1UI(IJ (1982) (hereafter referred to IS 8SSM). page 703. column I. Wage earnings used in this
development were obtained frora Monthly Report No. 23 (MR13).

Total compensation is developed by adding the fringe benefits to the basic payroll npense. To esti­
mate total corapensation for lone Lines and DOCs. It was assumed lhat the ratio of payroll to total
compensation for the two entities is the ume a. for the entire former Bell System. This ratio can
be derived frora data Ippearing in BSSM on page 704. column 1-

Furthermore. total compensation must be distributed over the quarters in each year. This is done
by a..umins tbe ralio of payroll 10 total compensation holds constant for each quarter in the year.

With total compensation determined. this figure is split between a price indez and I quantity
indu. First. annUlI prices and quantities for the former Bell System are constructed. These
parameters then are used to develop quarterly indexes for the BOCs and Long Lines. The former
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Bell System quantity index of lahnr is the product of total hours worked and a composition index.
the laUer reflecting changes in the occupational and e.ptrience mix of employees. I'or the years
1912 to 1919 both are taken from Christensen. Christensen and Schoech (19111). The compositinn
index for 19110·19112 was constructed from data on the former lIeli System employment found in
the lIureau of Labor Statistics OILS) Wage Surveys. lIours worked for 1911(1·19112 was ohtained
(rom a regre~i(}n equation linking former (Woll Systrm averagt' hours rt'T employH' to average hours
worked in the tel""ommunicat;ons industry. as reported by 111.';. and hom the count of former IIeIl
System employees. With annual hours workeel and composition determined. an annual quantity
index and an annual priet' indtJ can be dt'lermin~ hom former Deoll Sy!Fttem annual loul compen­
sation.

The annual rrin' index of lalxlf i~ lonverted to a quarterly price index through interpol.tion . This
quarterly price iodex of lahnr was applied to hnth the BllCs and Long I.IOes. so that quarterly total
compen~alioncould be separated into a price anet quantity of labor.

SUh"'fOction 4.4.2 contains a (tetailt'd dt"scription of the development of the labor quantity and price
indexes. The vadable names ff'fernod to in this description Ire those used in the develorment of the
co~t model de~·ribed in thi~ study" This information is provided for u~rs who require. dellilt'd
knowledge of the Ictual steps taken to cakulate the lahor variables an<1 can be omilled ",ith no loss
in continuity"

".4.2 Detailed Procedures Used to Develop ubor Quantity and uhor Price Indexe.

Use the following steps to develop lahnr quantity and labor price indexes:

1. Update annual total labor compensation. hours worked. and composition index for the former
Bell System· [OS], the Bell Operating Companies [BOCs], and Long Lines ILL). These dlta
refltet 1912 through 1982. Also develop annual total labor input [Ilbor quantity).

Total Labor Compensation [IlS) ~ A4UI2Y·· from 855M
1I0urs Worked (RS) - A410lY from Christensen. Christensen. Schuech
Composition Index IllS) - A4102Y from Christensen. Christensen. Schneeh
Total I.ahnr Input [IlS) - Hours Worked X Composition Index
Total Labor Input [1lS) - A4103Y - A410lY X A4102Y

Totall ... hnr ('",mptnsation (IlOC) - 84012Y -114011Y + 1l4013Y
114011 Y - Payroll - 111101 Y - BIl02Y - 1l1l03Y
84013Y - Fringe Benefits - 84014Y + 8401 SY
0801Y _ Wage Earnings through December from MR23
1l~()2Y _ Wage F.arnings through December allocated Plant Construction from MR23
B~03Y _ Wage Earnings through December allocated Pllnt Removal from MR23
1l4014Y - Benefits from FCC Statistics of \.ommon Carriers
B40l.5Y - Other Il<'nefil~ - IJ4011Y X A401SY/A401lY
A401.5Y - Other Benefits [IlS) - A4013Y - A4014Y
A40llV - PayrolllllSJ from BSSM
A4013V - Fringe IIenefil's [osJ - A4012Y - A401lY

8S indudt!l 8OC~ and LL5.
'"ari.blt n.imt rit'1oiena1ion lI~rd in lhr (blJh<tc.r. rTrfix "'A" rlc-l'loltl 85;"'B" dr-no ItS SOC; "1... dt>nol" U ... Sufflx-Y­
dello1t~ annual; "Q" drnol" quu1trly; '"Moo dtnotn nU'nlhly.
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Tht'u'" ore:

I.inear interpolation of the annual prices to obtain the quarterly rrices can be seen from the
follOWing hypothetical enmple.

Change in price: dP - P77 - P76 - 20

Since the a,-sumption is that interpolation is linear. the quarterly change in price is dl'q • 1/4

x dl'· 5.

1'4Q7(. = 1'76 + dPq - 105 (Price as of 10/1116)
I'IQ77 = P76 + 2 X dPq - 110 IPrice as of 1/1117]
1'2Q17 • 1'76 + 3 x dpq - 11.5 [Price as of 4/1117]
1'3Q77 = 1'76 + 4 X dpq - 120 [Price as of 7/11111

7/1116 price P76 - 100
7/1117 price P77 - 120
Quarterly prices P4Q76. PIQ77. P2Q77. P3Q77Find:

Given:

Quarterly I'rice of lahur (lL'S) - A4104Q - Quarterly Interr"l_ti"n of A4104Y
Quarterly I'rire of lahor (1I0C]. 1l4104Q • Quarl.erly Interpola'ioo of 1l4t1l4Y
Quarterly Price of Lahllf (I.Ll - 1-4104Q. Quarterly Interpolalion of IAJII4Y

5. The quarterly labor input lJahor quantity) is developed by dividing the quarterly total labor
compensation (from Step 3 above) by the quarterly labor prices (rrom Step 4 ahove) for the
0..,. ROC. and LL separately.

Quarterly Total labor Input [ns) • A4103Q - MOl2QIA4104Q
Quarterly Toul labor Input [ROC] - 84103Q - 84012Q/ 84104Q
Quarterly Toullabor Input (LLI- L4103Q - L4012Q/1.4104Q

6. The labor input variable has been disaggregated into two components for use in the develop­
ment of the cost model. Specifically. a quarterly price of labor (Step 4). and a quarterly
labor quantity (Step.5) were developed.

4.4.3 Materia" Variables

As with labor. analysis of the cost function requires developmenl of two key malerials variables:
one Ihat measures real materials input. Ind another that measures Ihe price of malerials. These
were developed in four steps.

In the first step. Ihe price of materials in each quarter was a"Sumed to be proporlional 10 the GNP
(Gross National Product) price deflator.

In Ihe second slep. the tolll labor and materials e.pense was calculaled as total operating expense
net of certain capital-relaled cosls:

Tntal I ahl,. and Maleri_ls Expeose - Tntal Operatiog ('.pense - Operaliog Ilenls - Tolal
JHprecialion and Amortization bpeose

NOTE: The riata required in Ihis step are included in Monthly Report No. .5. Total operating
eJ.reflse~ itrrear on line .50: operating rents appear on lint 42. and deprrcia\ion and amortizalion
appe_r on line 13.

A4014Y - Benefits (OS) from FCC Stalistics of Common Carriers

Hours Worked (DOC) - 0410IY -Il3I1Y X A410lY/AlIlIY
Il3I1Y - Employees from MR13
All II Y - Employees [OS) from MR23

Composition Index [DOC) - 84101Y - A4102Y (same as OS)
Total labor Input [DOC) - Hours Worked X Composition Index
Total Labor Input [DOCl- B4103Y - 84IOIY X B4101Y

Quarterly Total Labor Compensation - quarterly payroll X (annual total
labor compensation/annual payroll)

Quarterly Toullabor Compensation [asl- A4012Q - A4011Q X A4012Y/A401lY
A4011Q - Payroll [osl- AlI01Q - AlI01Q - AlI03Q
AlI01Q - Quarterly Wage Eamincs from MR13
AlI02Q - Quarterly Wage Eamincs allocated to Plant Construction MR23
AlI03Q - Quarterly Wage Eamincs allocated to Plant Removal MR13

Quarterly Toullabor Compensation [DOC) - 84012Q - B40llQ X B4012Y184011Y
B40llQ - Payroll [DOCl-1l301Q -1l302Q -1l303Q
BlI01Q - Quarterly Wage EaminCS MR13
BlI02Q - Quarterly Wage Eamincs allocated to Plant Construction MR23
BlI0lQ - Quarterly Wage Earnings allocated to Plant Removal MR23

Total Labor Compensation [LL) - L4012Y - 1.4011 Y + L4013Y
1.401lY - Payroll [LL) - A40llY - D40llY
L4013Y - Fringe Benefits [LLl- L4014Y + L40l.5Y
L4014Y - Benefits from FCC Statistics of Common Carriers
L40l.5Y - Other Fringe Benefits [LL) - A40l.5Y - B401.5Y

Hours Worked [LL) - L410lY - LlIIIY x A4101Y/A811Y
LlIIlY - Employees [LLl- A811Y - Il3IlY

Composition Index [LL) - L4102Y - A4102Y some as OS
Totall.abor Input [LL) - L4013Y - L410lY X L4102Y

2. Develop Annual Labor Prices for OS. DOC. and LL by dividing the total labor compensation
by total labor input [i.e.. labor quantity]'

Labor Price [DS) - A4104Y - A4012Y/A4103Y
labor Price [DOCl- B4104Y - B4012Y1B4103Y
labor Price [LLl- L4104Y - L4012Y/L4103Y

3. Develop quarterly total labor compenation for OS. DOC. and LL. In general. the quarterly
toul labor compensation is calculated as:

Quarterly Toullabor Compensation [LL) - L4012Q - L4011Q X L4011Y/L4011Y
L4011Q - Payroll [LLl- A4011Q - B4011Q

4. Develop quarterly labor prices by linear interpolation of the annual prices developed in Step 1
above for OS. DOC. and LL. Assume tbat the annual labor prices are midyear (that is. the
labor price on July 1).

4-4
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In the third step. the malerials elpense was cilculiled IS the amount by which the totll lloor Ind
materials elpense exceeds labor compensation:

Total Mlterials F.xpense - Total Labor Ind Materials Expense - Totll Compensation.

finilly. real mlterills input was calculated by dividing Ihe materills expense by the price index:

Real Materills Input - Total Malerials Expense I Materills Price.

As with the labor variables. delailed descriplions Ire provided for the mlterials variables in Sub-­
_tion ........ below. This informltion can be omitted wilh no loss in continuity.

"A." Detailed ProcedIlJ'Cll Ud to Develop Material Quantity and Material Price Indexes

Use the following steps to develop material quantity and material price indexes:

1. Develop Ihe quarterly malerials price index. This price index was assumed to be uniform for
the BS and proporlional to the GNP deflltor.

Price of Materills (BS) - A..42Q from Burelu of f.conomic A~llysis (BEA)

2. Develop the lotal labor and material expense on I quarterly basis for BS and DOC. This vari­
able is calculated by subtraclinc the operatinc rents and the depreciation and amortization
expenses from Ihe total operatinc expenses.

Total Labor Ind Materials Expense (DS) - A....OQ from MRS
Total Labor and Materials Expense (DOC) - 84"OQ from MRS

J. The IotaI materials expense on I quarterly basis is developed by subtracting the lotal quar-
terly labor compensalion (A4012Q for BS Ind B4012Q for DOCs] from Slep 2.

Total Materials Expense (BS) - A..4IQ - A440Q - A4012Q
Total Malerials Expense (DOC) - B441Q - 1J44OQ - 84012Q
Total Mlterials Expense (LL) -1.441Q - A441Q - B441Q

... Tbe real mlterials input (i.e.. material qUlntity) is developed by diViding the mlterials
expense from Step J by Ihe malerial price index from Step 1.

QuantilY of Malerials (OS) - A44.5Q - A441Q/A442Q
Quantity of Materials (ooe) • 84...5Q - B441QIA....2Q
Quantily of Malerials (ll) • L44SQ • L441QIA442Q

S. The materials inpul variable has been disaggreglled inlo Iwo componenls ror use in the
developmenl of the cost model. Specifically. a quarterly mllerials price index (Step O. and I
qUlntity of materials (Step 4) were developed.

4.A.5 Capital Variables

The capital vlriables were developed following the methodology used by Christensen and Jorgen­
son (1969) for construct inc capitalaccounll. These involved tlrtimlling the cost of capital. depreci­
Ilion. re-evalualion. and la..tion of several c1lsses of capital goods.

Some clpital items are rented by the former Bell System. The rental payments musl be separaled
into price and qUlntity components to tombine owned and rented capital into an index of 10lal cap­
Ital input.

Pf
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Owned Capital Stockl. The first step WIS 10 compute perpetual invtntory estimates of the stock
01 each type of capital used in the former llell System. In each quarter. Ihe stock of tlch type of
capillI is the sum of stocks remlining from past investments of each vintage. Under the Issump­
tion Ihal erriciency of capilal goods declines geomelrically. the replacement rate. 6. is a conslanl.
Capital stock at the end of every quarter can be eslimaled from investment during the quarter and
capital stock at the ena of the previous year:

K,A = " + (J - 6)Kt,.

where KtA is end of quarter clpital stock and I. is the quantity of investment. To estimate these
stocks. a benchmark estimate of capital stock investment in consllnt prices and a rite of replace­
menl is required. Estimales of capital stocks for each of the 20 capital types are given in Table 4-1.

All investment dati is taken rrom the Quarterly Report No. 2A. Arudysis of Chang.. in Teleplu.tte
PlanJ Accounts. This fe-port givrs the book vllue of invr!i;tments placed in ~rvic~ each year from
1'172 to 1'1112.

The ntlt step was to deflate the hook valut of investment by an appropriate price deflator to esti­
mate real investmenl. Price indnes ror each capital type were tlken from &U System Telephtltte
PlanJ Indexes. These yearly price ind..es were interpolated to quarterly values.

Since the hook value deflator should reflect the price It which these investments were contracted
rather than the price prevailing when the assel WIS put in service. the hook value of investment
WIS deflated by the price index lagged by the Iverage interval between the date at which the con­
struclion conlract price is set and the date Ihe plant is placed in service. Table 4- I specilie> the
length of Ihe lag for each capitallYpe·

The current 'alue of the real inveslmenl is calcullled by using the currenl quarler price. This
current value dirrers from the hook vllue of inveslmenl by the revlluation which has liken rlace
belwten the (onlracl dlle and Ihe turrent quarter price. This price index is also used to value the
capital.'lock.

The deprecialion 'rates used are taken Irom Chrislenson. Christensen. and Schoech (I'lB\). and are
reported in Tlble "-I. The benchmarks used are also based on Christensen. Chrislensen. and
Schoech data. The 1972 values of former Bell System capital slock reporll'd in their paper are dis­
tribuled belween the BOCs Ind Long Lines (based on their re>pective I"'rcenllges "r book value
gross stock reported in Quarlerly Report 2A ror December. 1972).

Capital Input from Owned Capital. To construcl a quantily mdex "f capital input. relative
shares or capital service rtows were required. In Ihe absence of la ..lion. Ihe value of (Ipilal ser­
vices for a particular a~et is the ~um of thr cost of capilal and depreciation. less revaluation:

Formula J. p,,"t = [pA .•-t r, + PAt 6 - (PA' - pA.•-t)J",\

(jiven the quantity of each type of 8!'!"tl held. J(1~1' the acquisition rrict. PAt- and the rate of
rerlacemenl. 6. only Ihe cosl 01 capital. r,. is required 10 computt capilal services for each type of
.","'1. The emhedded co<l of "apitalu>ed for capital buc1get planning in the rormer Bell System was
\I.~~I for fl'
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This formula is appropriate for a single c1.ss of .ssets. For ~veral c1• ...,. of .ssets. property com­
pensation is ·t~·..um of price times qu.ntity of capital' ~~vices for .11 c1.sses of .ssets. It is
assumed th.t the cost of c.pital is tbe same for.lI .ssets held by the former Bell System.

Formula I holds only in the .bsence of tallation. Christen~n .nd Jorgenson (1969) show thai the
.ppropriate formul. in the pr~nceof income .nd property taxes is:

I - u.z. - k, + y.
Formula 2: Pt<.K, = • u IpA.I-Jr, + PA..8

•

- (PA.• - PA.t-1») K'~I + PA.t-1" tK'~J'

where u. is the efffitive corporate profits tax r.te

Z. is the present value of imputed depreciation allow.nces on one dollar's worth of
investment

k, is Ihe inve<lment tax credit. different from ~ro for some years for all capital Iypes
except bUildings

y. is k.u.z. in 1962 and 1963 and is ~t equ.1 to zero for all other years; il is used to
account for the f.ct that the investment tax credit was deducted from the valut of
.n .sset for depreciation in those years

,., is the property Iu rate.

The former Bell System effective corporate profits tall rale is estimated as the ratio of income tues
paid plus the investment tax credit to property compensation less property taxes and the imputed
v.lue of depreciation allowances for tax purposes.

Income taxes paid are federal plus statt and local income talles. The BSSM gives federal income
taxes.•nd state .nd local income taxes. as well as the .mount of the investment tall credit.

Imputed depreci.tion .1I0wances depend on depreciation formul•• allOWed for tax purposes. the
lifetimes of assets used for cakulatlng tax depreciation and tbe opportunity cost of capital. It was
assumed that the appropri.te opportunity cost for the discounting future depreciation allowances is
the forward-looking former Bell System cost of capital.
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Table 4-1. Assel CI.sses for Capital Inpul

Lag Belween
Contr.ct .nd Annual
Placemenl of r~prfiiation

Capital Type Investment Rate-----

Building• 4 quarters .0270

COE: Manual 2 quarters .1621
Panel 3 quarters .1850
Step-by-Step 2 quarters .1042
Cro~'"Sbar 3 quarters .0519
Circuit 2 qu.rters .0735
Radio 2 quarters .ORB

Flfilronic 3 quarters .0310

Station Apparalus none .1144
St.tion Connections none 1337
I.arge PBX I quarler .1400

Pole Lines none .()(,57

Aerial Cable none .0463
Underground Cable none

I
,0284

Buried Cable none .0383
Submarine Cable none .1l657

Aerial Wire none .1645

Underground Conduit none .0256

Furniture and Office none .0822
F.quipment

Vehiclts and Other none .1802
Work Equipment
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2. The h,,<,ked inve'tment fllr the BIK:s was developed by clas., of plant (quarterly) by ,uhtract­
ing the I.ong Unes hooked investment 0, prefix) identified in Step 1 from the total former
Bell System (A prefix) hooked investment also identified in Step I.

Example: Building I100k Investment for Quarter (IlOC) ~ IHJ6Q • AOl>Q IO(,Q

3. Develop a real investment for each class of plant. This step adjusts the hooked investment to
account for the lag occurring between the contract and the actual placement of the invest­
ment. This intermediate step is required before developing the current value of lhe invest­
ment at the time of placement. To arrive at a current value of investment. first develop the
real investment at contract by dividing the booked investment by the corresponding Tele­
phone Price Index (TPI) approprillely lagged to reflect the lime required to place the invest­
ment in service. The real investment can be thought of as being the quantity of investment
purchased. since it is developed by dividing the total investment cost by a price of investment
(the TPI). Once this real investment. or investment quantity. is calculated. the current dollar
investment at the time the investment was placed in ""rvice can be developed by multiplying
the real investment by the TPI in effect at the time of placement. To clarify this concept.
consider the following example:

Assume an investment, 1-$100. was contracted for on 1/1/75 and placed in .ervice and on the
books on 1/1/76. The book value. BV. is therefore $100. The objective is to identify the

SR-FAD-OOO.5.52
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For 1972 to 1980. Engillftring EcotWmy was used to spteify depreciation formulas. This spteifies a
1..5 declining "lance formula for structure. while for all other capital it specifies double doclining
balance ...-itching to a sum of years digit formula II the optimal roinl. Uves used are those sptei­
fled in Depreci4lion Guide published by The Commerce Clearing 1I0use. Beginning in 1981. the
lifetimes and formulas allowed by the ACRS deprocillion system were used.

The property tn rate is the rllio of all operlling tnes related to capital input to the value of the
t01l1 capillI stock II the beginning of the period. Operlling tues reilled to capital input include
property illeS. and the category other IIxes. Both are reported in the BSSM.

It was assumed that the real flow of capilli services from each type of asset is proportional to the
stock of the asset II the end of the previous period:

K" =qKiKI~-t .

Tbe price per unit of capital service can be obtained by dividing the service flow by the lagged
stock and normalizing to unity in tbe base year.

Capital Input from Rented Capital. Expenditures for rented capital are contained in the Monthly
Report No. .5. The elIl"'nditures represent tbe value of capital services from rented capital goods.
Tbe bulk of these capital goods are structures. It is necessary to separate tbe upenditures into
price and quantity components. The CPI rent index was used to deflate rental upenditures.

Aare&ate Bell Sptem Capital Input. The quantity indues of capital stock and capital input
were computed as Tornqvist indexes of tbe quantity indues of owned and rented capital. Dividing
tbe total value of capital stock and capital services by the quantity indues yields the price indexes
of capital stock and capital services.

Capital input for eacb type of capital is proportional to the corresponding stock. 110'" ever. as a
result of changes in the composition of the aggregate capital lItock. aggregate capital input is not
proportional to aggregate capital stock. Therefore. it is incorrect to use aggregate capital stock to
repramt aggregate capital input.

A more detailed description of the development of the capital input variables i. presented in Sub­
section 4.4.6. This subsection. II with the previous input variable d.,..,riptions. can be omilled
witbout loss in continuity. Subsection 4.4.6 ill provided for those who require a detailed. step-by­
step description of bow the capital variables were constructed for this model.

4.4.6 Detailed Proc:edurea Va to Denlop Price and Quantity Index.,. for the Capital
Variable

Objective: To develop price and quantity indexes for total capital input that reflect the value
of owned capital stock as weU as the value of rented capillI.

Vee the foUowing steps:

1. Develop the booked investment by class of plant on a quarterly basis for tbe llS and ll.
There are 26 classes of plant considered. For example. the quarterly BUilding Booked Invest­
ment (A06Q) is calculated from the cbange in tbe year-to-date Building Booked Investment.
(A06Y) is calculated from the Quarterly 2A Report.

Class of PIllnt

Building
COE: Manual
COE: Panel
COE: Step-hy Step
COE: Cros.,har
COE: Circuit
COE: Radio
COE: Eloctronic
eOE: Nondedicoted Circuit
eOE: [}DS Circuit
COE: Pair Gain System
COE: Other Circuit r:quipment
COE: Small Value Items
COE: Total
Total Station Apparatus
TOIlI Station Connoctions
Total PBX
Pole Lines
Underground Conduit
Total Aerial Cable
Total Underground Cable
Buried Cable
Submarine Cable
Total Aerial Wire
Total Furniture and Office f:qpt
Total Vehicles and Other

Variable Name

A06Qor U)6Q
A07Q
A08Q
A09Q
AIOQ
AIIQ
AI2Q
AI3Q
AI4Q
AISQ
AI6Q
AI7Q
AI8Q
AI9Q
A20Q
A21Q
A22Q
A23Q
A24Q
A2SQ
A26Q
A27Q
A28Q
A29Q
A30Q
A31Q

Sil FAI> 0005.52
Issue I. May 1987

Remarks

Prefix A - liS: I. - 1.1.
Same remark lor all
classes of Plant
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currenl value of the investment on 1/1176 since the SIOO book value represents the actual
amount paid at time of. contract (1/117.5). Therefore:

Real Investment RI .. BV .. 100 .. S12.5
TPI[J/II7.5) .80

Assuming TPI[l/II7.5) - .80. and

Current Dollar Investment - CI - RI )( TPI [1I1176} - SIl8.7.5
as of 1/1176

Assuming TPI (111176) - .9.5.

Therefore. the SIOO investment as of 1/117.5 had a CUrrent dollar value of SlllI.n when
placed in service on 1/1176.

SIl FAI> IMMIj52
Issue '- May 19117

Buildings: Constant Dollar Stock IllS} - EI14Q (Use Equation (1) with appropriate values
for I•. d, and benchmark stock value.)

a 1,- AIIIQ.
a d - depr"'iation rate on quarterly basis.
a benchmark - the net asset value of apita' stock as of the fourth

quarter of 1972. This was ohtained from a 1981 sludy
by Christensen A,.;ociates and is required as a start­
ing point since Equation (t) rdates the sto<:k value in
one period. Kf'. with the value in the previous
period. K,~" The benchmark was discussed earlier
in this section.

a E114Q. 1:124Q....EI114Q. E224Q...E334Q i, IhelonsLant dollar '1lIck
by da'" 01 service for RS.

• Similarly. replacing prefix "E" with ....... identifies the constant
dollar slock by da'" of plant for LL.

6. On("t tht constant dollar SlOl"k v.lut' is dev(·loped. lh~ n~xl ~trp is h) dt-vt'ltlp lhf' (urrrnt dul·
lar stock value for each quarler by class of plant. Thi.' is analogous 10 developing the currenl
dollar investments from Ihe real investments described in Sleps J and 4.

Iluildings: Current Dollar Siock [RS) - EI12Q - A115Q X EI14Q

a EII2Q. EI22Q....EI82Q. E222Q...E332Q is the currenl dollar stock by class of
plant for BS.

• Similarly. replacing oF' with oF" identifies the current dollar Slock for 1.1. by cia,.;
of plant.

7. The conslanl dollar Slack and the current dollar Slack by class of plant is used 10 develop a
value of total capital stock disaggregated into price and quantity. The total value of capital
stock is obtained by adding the current dollar stock for each class of plant in each quarler.
The quantity of copital stock is developed by using the Tornqvist indexing procedure. The
price Ihen can be calculated sinCe the total value of capital Slack is equal to the product nf Ihe
quantity of stock and the price of the stock. The general form of a Tornqvist index was
described earlier in the data section and is shown below:

ne"eloplDent of Rea I In"ealment

a) Develop price indu by class of plant on quarterly basis.
Buildings: Price IndeJ: [IlS) - AI1.5Q - Linear interpolation of Al I.5Y

a See Labor Variable for uplanation of Linear interpolation.
a AII.5Q. AI2.5Q. AI 3.5Q...AI 8.5Q. A22.5Q. 1.23.5Q...1.33.5Q are the price indues

by class of plant.
a IlS Price IndeJ:es used for 1lS. DOC. and LL.

b) Develop Real Investment using friee indu appropriately lagged by class of plant.
Buildings: Real Investment [1lS - AIIIQ - 1.06Q/AII.5O<-.)

a 1.llIQ. AI2IQ. AI31Q...AI81Q. 1.221Q. A231Q...A33IQ are the real invest­
ments by class of plant for 1lS.

a Similar Rries for Long Lines (OL° prenJ: instead of °A0).

•. Develop Quarterly Current Dollar investment by class of plant.
Buildings: Current Dollar Investment - A1I7Q - AlIIQ)( Al I.5Q

a A117Q. AI27Q....AI87Q. A227Q....A337Q are current dollar investment by class
of plant for BS.

• Similar Rries for Long Lines ("L0 prenJ: replaces °AO).

.5. Nut. determine the value of the owned capital stock on a quarterly basis for each class of
pl.nt. This is obtained using the fonnula:

Class
of

Plant

In (X,/Xt-I) =r, Wi~\ In (Xi./Xu - I )' Equalion (2a)

Kf' =I, + (l-(\)xK'~I' Equation (1)
where

W,., = (W". + W,.,_I)/2 . and Equation (lb)

which was discussed earlier in this _tion. The value of the capital stoCk. also called constant
dollar stoc:k. can be interpreted as the cost of purchasing the assets owned by the company.

• -12 4-13
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Class
of

Plant

Wu = Pi,. Xu/Ej Pf, Xj,l Equation (2d

SR FAI> IKI05.'2
l,slIe l. May 1'1111

-(PA,I - PA,H l\K'~l + P','-l X " x K~ I

where

and

XI - the aggregale quantity index.

Applying equations (2) 10 the capital stock variable:

Xu - constant dollar stock by class of plant fI14Q...losl.
and Ft14Q...ILLI

P"I - price indu by class of planl AI uQ, ..los and LLI.

Using Equations (2a). (2b). and (2e). the quantity ratios. X/XI_I' are calculated lor all the
quarters in the study period. As indicated in the description 01 the Tornqvist indu. an arbi­
trary value must be assigned to Ihe index al some base period to calculale the quantity index
lor the remaining periods. In the case of the capital stock variable. the base period chosen was
the second quarter 01 1977. The quantity index. XI' lor the second quarter of 1977 is the sum
of the current dollar stock lor all classes of plant. Choosing Ihis value makes the price index
equal 1.0 lor the base period (the second quarter of 1971).

Quantity Index 01 Total Capital Stock - E344Q!BSI. or F344Q[LLI

The quarlerly value of total capilal stock is obtained by Slimming the quarterly current dol­
lar stock for all c1al<l--e5 01 plant.
Total C..pital Stock - E342Q!osl or f342Q!LL)

The corresponding price indu is calculated by the follOWing formula:

KI~I - quantity of each Iype 01 asset held
PAl - acquisition price
d - rate 01 replacement
u, - effective corporate prolils tax rale
z, - present value of imputed depreciation allowances on one dollar's

worth 01 investment
k" .. invtstmrnt tax credit. etirrerrnt from zero for ~ome years for

all types of capital except buildings
YI - 0 lor all years except 1962. 1963: variable accounts for the facl

that the investment tax credit was deducled Irom the value 01 an
assel for depreciation in 1962 and 1963

• I - property tn rate
rl - cosl 01 capilal.

To calculate the service flow by class of plant using the Equation (3). intermediale sleps af'
required to calculate alilhe necessary variables.

a) The cost of capital Ir.1 was assumed to be the same for all assels held by the former 11.11 Sys
tem.
Cost of capital - A528Q from former Bell System historical cost of capital.

b) Present Value of ~precialion [zl was discussed earlier in this paper. From 1972 to 1980, an
accelerated depreciation structure was used as specified in Engineering F.con"my. Beginning in
1981. the lives and formulas allowed by the ACRS depreciation system we.. used.

Buildings: Present Value of ~preciation [OSI Z - A541Q - A537Q x A541CQ + (I
A537Q) x AS418Q

Price Index of Total C.pital Stock. E341Q - E342Q/E344Q
(Replacing "E" witb "F" will give the LL formula).

II. The first seven steps were concerned with developing the value of the capital stock owned by
the company. This value can be thought of as the replacement v.lue of the property owned
by the company. The next step in tbe process addresses the problem of quantifying the rental
v.lue. or tbe ....rvice flow. of the owned c.pita!. As explained eerlier. the lormula used to
c.!culate service flows fOT a e1ass of plant in the presence of income and property taxes was
developed by Christensen and Jorgenson (1969) .nd is given by:

4-14

Service flow for

a class of plant - POI X K, - ':-:-uIZt-kl+y, [PA .- I X rl + PA' X d
1 - UI ' ,

Equation (3)

AS37Q - Vari.ble used to choose correct deprecialion formula by
year; 1 - years after 1980.0 - prior to 1981

A541BQ - Present V.lue Accelerated DC'preci.tion: Buildings prior to 195/
AS41BQ - 1(2+A52&Q)/2})( IO/(1+AS28Q»)I[lt-(1-0/T)/(I+AS28Q»xT)

o - Accelerated ~preciltion Ratio
T - Til. Lile: Buildings - A430Q

AS28Q - Cost of Capital
AS41CQ - Pr~nt Velue of ACRS ~precialion: BUildings after 1980

- « I-OfT)/( I+AS28Q)}-°TS+«O/( 0+A528QxT»x( 1-( 1/1+A528Q1
.oTS)x( 1-01T)ooTSI

TS .. Variable represents optimal )It-iU to switch hom dtclining
balance to straight line dtprn=i3lion. Value maximizes
present value of z

Variables for Remaining Classes of Plant:

4-1S
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Tax lives by Class of Plant:

For Boildiog" EI I1I1Q - EXP(URIISY)XEIl2Q{-J).0210

E3411lQ ~ ESlimatrd Deprecialion - Sum of e'timaled deprecialion by clas., of
planl EIl1DQ. EI278Q...E3318Q

E3481lQ· Estimaled IOtal Capilal Gains-sum of estimaled carital gaios by das., of
plant EIIIIIlQ.EI211IlQ.....E338IlQ

For lIuildings 1:11880- [EXP(GRIlSY)-I)E1I2Q(·J)

A.57IQ - AS41Q{AS28QXEI12Q{-1 )+EI17DQ-EI18RQ)
AS41Q - Present Value of Depreciation [z]
AS28Q - Cost of Capital
EI 12Q{-0 - Current Dollar Stock: Buildings
EI11RQ - Eslimaled Deprecialion for Buildings
EI18RQ - E.,limlled Capital Gains for Buildings

For Iluildings:

GR 11SY - Assell'rice Growlh Rues for Building
GIlIISY.(log(AIISY/AIlSU)/.5
AIISY ~ 1'1'1 Buildings 00 lag
A I lSI. - 'I'l'l Buildings lagged hy .5 l""I<I<ls
.0270 - Annual dt'pr~(:la'ion ratt (or lIuildings

A463Y ~ Inwme Tax - A411YtA4111Y
A411 Y - Federal Tax from HS5M
A418Y - Slate Tax from HSSM
AS31Q - Capilallnpul- A52~QxE342Q{-I).1'341IlQ·E3411I1Q'A4(,SYtA463Y

A46SY - Capilal Taxes - A414Y+A416Y
A414Y _ Properly Taxes from B55M
A416Y - Other Taxes from 855M

AS93Q - TOIaI deprecialion - sum of depreciation by class of plant
AS7IQ.AS12Q.... A.592Q

PV of ACRS Dep.

AS42CQ
AS43CQ
AS44CQ
A.54.5CQ
A.546CQ
A.547CQ
A.548CQ
AS49CQ
ASSOCQ
A.5.5ICQ
AS.54CQ
ASS.5CQ
ASS6CQ
AS.51CQ
AS.58CQ
ASS9CQ
AS60CQ
AS61CQ
AS62CQ

PV of Accel. Del'.

AS42DQ
AS43DQ
AS44DQ
A.54SDQ
AS46DQ
A.547DQ
A.548DQ
A.549DQ
ASSORQ
AS.5l1lQ
A.5.54DQ
ASS.5RQ
AS.56DQ
AS.51DQ
A.5S88Q
ASS9RQ
A.560DQ
AS61DQ
AS62DQ

z

AS42Q
A.543Q
A.544Q
A.54SQ
A.546Q
AS41Q
A.548Q
A.549Q
AS.5OQ
A.5.5IQ
AS.54Q
AS.5.5Q
A.5.56Q
ASS1Q
ASSIIQ
ASS9Q
AS60Q
A.56IQ
A.562Q

Tax Life

A431Q
A432Q
A433Q
A434Q
A43.5Q
A436Q
A431Q
A4311Q
A439Q

Claa of Plant

COE: Manual
COE: Panel
COE: Step-by-Slep
COE: Crossbar
COE: Circuil
COE: Radio
COE: Eleclronic
Sialion ApplrlluS
Sial ion ("",nneclions
PUX
Pole lines
Aerial Cable
Underground Cable
Buried Cable
Submarine Cable
Aerial Wire
Underground Conduil
Furnilure & Office
Vehicles & Other

Class of Plant

COE
Station Apparatus
5111 ion Connections
PBX
Pole lines
Cable & Wire
Underground Conduil
Furnilure'" Office
Vehicles & Other

c) Inveslment Til Credit [k)

k - A469Q - A4t3YI(A34IQ - AIl7Q) for the year)

A413Y -Inveslment Tn Credit [BS) from BSSM
A341Q - Total Current Dollar Investment -lSUm of AII7Q. AI27Q...A337Q
AII 1Q - Curren I Dollar Investment: BUildings

d) Effective Corporlle Profits Tn Rate [u l )

u, - AS3SQ - A469QlA5211Q{E3420(-J)-EIJ2Q{-J»+E341BQ-EII 7BQ-E3488Q
+ElI8BQ)+A463y)/(AS31Q-A46.5Y-AS93Q)

A469Q - Investment I'll Credit
AS211Q - Cost of Capital
E342Q(-I) - Value of Total Capital Siock
E112Q(- J) - Current Dollir Stock: Buildings

e) Property Til Rate (r)

r - ASOOQ - A46.5Y I(E342Q II end of previous year)
A46SY - Capital Taxes
E342Q - Value of Total C..apital Stock [replacement
value!

f) Depreciation rate on a quarterly basis (Step d) by class of plant is tabulal.d earlier in this
sK'lion.

9. t:sing the data gathered in Step 8 (above). the Service Flows by class of plant can be caleu­
lated. The algorithm presented nut is used to caleulate the service flows for all classes of
plant with a minor modification for Buildings. In the case of Buildings. the investment tn
credit (given by A469Q in the numerator) is set to zero.
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The Service Flow and associated varilbles by ClISS of Plant are given by:

~rvice Price - Service Flow/Constant T>ollar Stock at beginning of quarter.

Price of Own"d Capital Input - A6.56Q

MS6Q = Sum A6()IQ ... A~I.2: A614Q ..._A622~.
A6.5.5Q

A similar analysis is performed to determine the Service Flows for I.ong Lines [L1.). The 1.1. vari­
ables are the same IS shown above with "A" replaced by "I." and "E" replaced hy "F."

10. Once the Service Flows have been calculated for the former !leU System [0.<;1 and Long Lines
[LL). the BOC Service Flows can be calculated hy suhtracting the LL Service Flow from the
US Service Flow. Performing this calculation results in a set of BOC variahles lI('(lIQ.
IIfJ02Q...B622Q which identify the Service Flows by the classes of plant shown above.

II. The Services Prices by class of plant are calculated from the Service Flows developed above
The follOWing general formula is used to calculate the service prices:

Recall. from the deve-)opmt'nl of the constant dollar slock. that this vari;lhlfO Ciln ~ thnul.:hl nl
as the quantity of capital stock. The ~rvict Prkt is a measurro nl llu." (:u~l the (ompany
would incur if it were to rent lh~ ownfii capital:

Quantity of Owned Capital Input [K,I a .0\6.5.5Q
A6S.5Q - Tornqvist Index of:

[K,~,). EI14Q(-I} .. 1'334(-1) .... Jlh .o\{,3IQ... M •.52Q as proers

To evaluate thrlJuanlities. k,. from the Tornqvist ralios of K,IK,_,. a value is assigned 10 K,
in any pt'riod. Once a value of K, is known in the base period. thr ". in Ihr rrmaining 'Iuar­
lers can hr calculated. In our case. K, for the second quartrr of 1977 was srt r4uallo Ihe sum
total or Iht' ~rvict Flows hy cla~~ of rlant for Chat rvriod. This dlllift' for tilt' quantity indeK
forces tht' corresronding rrkt' indtx to be united in lhe- hast' reriod:

For Buildings: Service Price [OS) ~ A631Q - A60IQ/EI14Q{-1l.

Similar rlJllalions can be wrillen for the remaining classes of planl (A632Q. A633Q....
A6~2Q).

12. The quarterly Service Prices. by cia'os of plant. are used together with the constant dullar
,,0<:1-. values at thr beginning of the quarter, Kt.,. to grnerlte a quantity index. k,. of owned
capital input. To do this. use the Tornqvist Index procedure discussed earlier in this docu­
mtnt.

For Ihe hase prriod. s«ond quarter of 1977.•et I., rqual to ,urn of Service Flows for each
class of pllnt. i.e.. sum of A601Q. A602Q ... A611Q. A614Q. A622Q.

13. The Price Index of Owned Capital is calculated hy dividing the sum of all class of plant Ser­
vice Flows by the quantity of owned capital inpul calclllatrd in Step 12:

A.53.5Q-u, term in Equation (3)-lncome Tn Rue.

A.500Q - Property Tn Rate

E122Q{-1) - Current Dollar Stock [COE Manual) lagged by one quarter

E1211BQ-{P...,-P...t-I)K,~, term in Equation (3)~EstimatedCapiul Gains

E127BQ-P..K.~,d term in Equation (3)-Estimated Depreciation

A.5211Q-Cost of CapiUI (r)

EI22Q{-J)-P...._,K,~, term in Equation (3)-Current Dollar Stock lagged by
one quarter.

A.542Q-z term in Equation (3)-Present Value of Depreciation for COE
MIVWDl

For COE Manual: Service Flows [BSI- A602Q - «I - A469Q - A.53.5Q x A.542Q/( I - A.53.5Q»x
(A.5211QxEI22Q{ -I ).E127BQ-EI211BQ).A.502Q
A.502Q - Property Taxes - A.500Q x EI22Q (-I).

wbere

Estimated Estimated PVa .. of Plant S"c Flow Prop. Tn Cap. Gain Depredation Depredation

Buildings A60JQ A.501Q EII8BQ E117BQ A.54IBQ
COE: ManuII A602Q AS02Q EI211BQ E127RQ A.542BQ
COE: Panel A603Q A.503Q EI3IlBQ EI37BQ A.543BQ
COE: Step-by-Step A60.Q ASO.Q EI4111JQ EI47BQ AS44BQ
COE: Crossbar A60.5Q ASO.5Q F.l.511IlQ EI.57110 AS4~BQ
COE: Circuit A606Q AS06Q E168110 EI67BQ ES4fJIJQ
COE: Radio A607Q AS07Q EI711BQ EI77RQ A.547RQ
COE: Electronic A6011Q A.5OllQ ElllllBQ EIll7BQ A.54IlBQ
Station Apparatus A609Q A.509Q E2211BQ E227BQ A.5491JQ
Station Connections A610Q A.5IOQ E2311BQ E237BQ AS.501JQ
large PBX A611Q A.5J1Q E2411BQ E247BQ A.5.5IBQ
Pole lines A614Q A.5I.Q E2S11BQ E2.57BQ A.5.54BQ
Aerial Cable A61SQ A.51.5Q E2611BQ E267BQ A.5S.5BQ
Undercround Cable A616Q A.516Q E2711BQ E277BQ A.5.56BQ
Buried Cable A617Q A.517Q E2llllBQ E2117BQ A.5.57BQ
Submarine Cable A6111Q A.5 I llQ E2911BQ E297BQ A.5.58RQ
Aerial Wire A619Q A'sI9Q E30llBQ E307BQ A.5.59BQ
Undercround Conduit A620Q A.52OQ E3111BQ E317BQ A.560BQ
Furniture 4 Office Eqpt. A621Q AnlQ E3211BQ E327BQ A's6IBQ
Vehides 4 Other Eqpt. A622Q A,SUQ E3311BQ E337BQ AS62BQ
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1... To develop price and quantity indexe$ of input. capital con..ideration must be given to rented
capital as well as.to owned capital. Therefore.-calculate price and quantity indexes for build­
ing rents. These indexes will be used in conjunction with the owned capital indexes to
develop composite capital input price and quantity indexes:

Value of Building Rmts - A6'SQ from MR' Rental Expense
Quantity of Building Rent - A6'9Q - A6'8Q/A631Q
where A631Q-Servlce Price Buildings.

1.5. The composite or total capital input quantity and price indexes are developed using I
Tornqvist Index of owned capital input quantity (A6"Q) Ind rented building quantity
(A6'9Q) with price of owned capital input (A6'6Q) and price of rented bUildings (A63IQ) IS
prices. As with the other Tornqvist Indexes. the second quarter of 1977 was chosen IS the
base period. and the quantity index was set equal to the sum total of Service Flows by class
of plant (A60IQ ... A622Q) and the value of building rents (A6S8Q):

SK 1'1\ II (lIH" ~ .'
fsSUIl" I. MOlY II.U J

Monthly revenues for tach servict are available in J\.1onthly Ueporl No.4. Prier indexes art avail
able hom the Bureau of Labor Statistics. Table 4-2 shows the categories of output and the relat«'
ilLS deflator.

In the second step. quarterly price indexes for each service wert' estimated by dividing quarter !\
revenues by quarterly real output. The quarterly revenues and real output f.gures are denv«!
f rom the respective monthly figures.

Finally. the services are aggregated to a single output using Tornqvist indexing procedures.

4.4.8 Delailed PrOttdurts to Devdop the Output Variable

I. r:akulate the real monthly output for each type of .ervice by diViding the monthly "venu"
by I he appropriate price indexes.

Monthly Keveoues by Service from MR4 Report.

Moothly Service Price Indexe. from the Bureau of Labor Statistics.

'A - BS. Repllce "A' with "L" to obtain Long Lines variables.

Quantity of Total Capita/ Input - A661~
Price of Total Capita/Input _ A660Q _ 60Ict;·:~622Q.

16. The BOC Service Prices. Quantity and Price of Owned Input Capital. Ind Quantity aod Price
of Total Input Capital are developed in the same manner IS for the BS. A summary of the
vlriables is presented below:

I) Service by c1ISS of pllnt 8631Q ... 86S2Q: Divide the Service Flows (8601Q ... 8622Q)
by the constlnt dollir atock at the beginninc of the period (01 14Q(-1) ... G334Q(-I».
The BOC constant dollar Slock wu developed by subtracting the LL value from the BS
vllue (e.g.. for BUildings 8601Q - EIUQ - FIUQ).

b) QUlntity of Owned Capital Input - 86.5.5Q

c) Price of Owned C-apital Input - 86'6Q

d) Vllue of Building Rents - 86'8Q

e) Quantity of Building Rents - 86j9Q

f) Price of Building Rents - 8631Q

g) Price of Total Capital Input - 8660Q

b) Quantity of Total Capital Input - 8661Q.

The equivalent Long Lines varilbles can be identified by repllcing "8" witb "L" and "cr with "F" in
the items shown lbove.

......7 The Output Variable

The key output vlrilble is real output. This varilble 'illS developed in tbree steps. In the first
atep. montbly real output of each type of service. I. 'illS cllculated by the Ipproprilte price
Indexes:

Monthly Real Outputi - Monthly Revenues, / Monthly Pricer

"-20

Service

Location Servil't'MIS
Location Service-IA
MTS-IS
MTS·IA
WATS-IS
WATS·IA
Private Ln-IS
Private Ln-IA
Other Toll-IS
Other Toll-IA
Miscellaneous
Total Rev.nue before Uncollected-IS
Total Revenue before Uncollected-IA

Service

Loca I Serv ice
MTS-IS
MTS-IA
WATS-IS
WATS-IA
Pl·IS
Directory Advertising

tJud 10 de\t'lop rul C'lutpU1 (OJ misullaneotn ~uvices.

Monthly Revenue"

A7011ll
A 702M
A 10.1'\1
A 10·1\1
A1O~M

AWI,M
A70nt
A70~J\t

A70\lM
A71Ol\t
A7IIM
A712M
A713M

Price 1ndex

A12IM
A123M
A124M
A12SM
A 126M
A727M
A73IM'
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Table 4-2. Output Cat<!gOries and BLS Price Index References

Cat<!gOry BLS Reference

local - Intrastate 4811-1
Interstate 4811-1

MTS - Intrastate 4811-111
Interstate 4811-212

WATS - Intrastate 4811-214-12
Interstate 4811-114-11

Private line - Intrastate 4811-311
Interstate 4811-311

Other Toll - Intrastate 4811-2
Interstate 4811-1

Miscellaneous 4811-911
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Monthly Ileal Output Local Service-IS - A701M/A72IM similarly fnr remaioing services.

- 2. The quarterly revenues were developed by service by accumulating the monthly revenues to
the quarter. Quarterly Revenues by Service - A701Q. A701Q ... A7llQ Illeplace·A· with "l·
to obtain Long lines).

3. Th. real output (quantities) or. cleve loped by quarter accumulating tho monthly real output
to th~ quarter for each urvice.

Quarterly Quantities by Service - A741Q ... A751Q I·A· replaetd by ·1: for I.ong Lines).

4. Onco tho quarterly quantities and TOv.nues or. calculated. lh. quart.r1y pric. indexes can bo

obtained.

Price Index by Service - A121Q ... A731Q

A12IQ ... A731Q - A70lQ ... A711g
A741Q AHIQ

(R.place·A· with .1.. to ohtain I.ung Lines.)

5. Th. ;'ggregate outpul is calculaled using Tornqvist Indexing.

Aggrrgate Output - A770Q

A770Q _ Tornqvist Inde. of servito quantities A74IQ ... A751Q ",ith Servi,. I'rices A721Q ...
A731Q.

Second quarter of 1971 was ",Ie,·t.d as tho hase period. Th. value of Aggregat. Output ""as
set equal to total setvic~ revenues (or that ~riod. This. lo£t'lhtr with the rt'lalion~hips l"Hlm

tho Tornqvist Index. enabl.s us to evaluate th. aggrogate output for each quarter.

Total Service Revenues - sum of A701Q through A711Q

6. Th. Pric. Index for the Aggrogat. Output is d.termined by dividing tho T,.tal Service Reve­
nues for .ach quartor by the corrosponding Aggregate OutpUt.

Prito lodex of Aggrogate Output - A712Q

A712Q= A701Q+ ... +A711Q
A710Q

(Replace "A· with ·L· to ohtain I.ong Lines.)
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7. In a similar faShion. the output quantity and corresponding price was developed for subtotal
categories of services. -Specifically.

8. Th. DOC output variables are developed by laking the difference of lIS vari.bles and LL vari­
ables. The following procedure was used:

Subtotal Catego..,. Quantity Price

Local A775Q A776Q
Toll A7800 A782Q
IS Toll A785Q A786Q
Non-IS Toll A790Q A791Q

Subtotal Catego..,.

Local
Toll
IS Toll
Non-IS Toll

IndiTidual Sel'Tlce Revenues Included

Local IS. Local IA. & Mise
MTS-IS. MTS-IA. Other Toll-IS. Other Toll -IA
MTS-IS. W ATS-IS. PL-IS. Other Toll-IS
Local IS. LocaiIA. MTS-IA. WATS-IA. PI.-IA
Other Toll-IA & Mise.

4.4.9 The Network Variable

The network variabl. repr<sents th. size of the system as distinguishrd from its level of output
This distinction is nrc"".... ry because th. cost effrcts of increasts in output depend on th. <Xt.nt to
which the output increases are accompanird by network expansion. For example. an increlR in
output that occurs without an addition to n.twork will b< Itss costly than an ill.ntical incre.......
thal is accompanied by network expansion. In other words. lhf' e:Jllenl to which costs increase in
resronse to an incrr:ase in output depends uJ'On the extent to which the size of the network is aiM'
increasing.

The n"twork vari.ilhle is mrasuf('d by tht" numher 01 main elllllvaleni trlephones 111 :->rrvlu" In Ill!'
system.

4.4.10 Details on the Devdopment of the Network Variable

The num~r of mains and rquivalf'nt mains in service at thr- end or ra,h quarter art' used as a mea ...
ure of the size or tht' network u~d to provide strvict. The MR7 report is the hask source for tht"sl'
data.

TOlal M.in & Equiv.lent M.in - In Strviee End of Yeu - ll'105Y
Total Mains &. Equival.nt M.ins - Net Gain - H903M

a. r.lculal< quarterly DOC service r<V'nues.
R.v.nues by Service - 870lQ ... 871IQ
870lQ ... 8711Q - (A70lQ - L701Q) ... (A711Q - L711Q)

b. Calculat. quarterly DOC service quantities.
Quantity by Strvice - 8741Q ... 8751Q
874IQ ... 8UIQ - (A741Q - L741Q) ... (AUIQ - L75IQ)

c. Calculate qUUl<r1y pric. indu by service.
Price Indexes by Servic. - 872IQ ... 873IQ

8721Q ... 873IQ - 870lQ ... 8711Q
8741Q 8751Q

d. The aggregate output and price ar. calculated using the Tornqvist Indu.

Aggr<gat. Quantity - 87700
Aggr<gate Price - 8772Q

e. Dtvelop subtotal service category prices and quantities.

Subtotal Catego..,. Quantity Price

Local 877.5Q 8776Q
Toll 87800 8782Q
IS Toll 8785Q 8787Q
Non-IS Toll 8790Q 8791Q
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- Quarterly net g.ins .r< obt.in.d by .dding the appropriat. monthly quanlil lr '

(H903M)_

- Quarterly net gains are added to the year t'nd in servin' quantlly to ohlain the find

s.eond and third qu.rter qu.ntities.

4.4.1 I The Technology Variable

Annual trchnology index figures w... calcul.ted by laking weight.d .ver.grs of 'IOnu.1 forme'
!lell Sysl<m rest.rch and d.velopment expenditures (R&D) of th. curr<nt .nel rrec.ding tw.nl",
two ye.rs. [NOTE: Expenditurts beyond. fiftten-y.u lag hay. virtu.lly no eff<et on lh,
results.J Quarterly valu.s w... interpolu.d from the annual figures.

Tht wt'ighls applied to pasl n&D txrendilures were those or a Poisson distrihution wilh a mean I;t:,
of six ye.rs. Specifically. tho proxy for th. level of trchnology in year twas ,.lculu.d by:

[CR&D)/(CPI)\-I . (....... 6'/S!l

r(e...... 6'/SO.
•

where (R&D/CPI) r<pr<stnts r<.J R&D expenditures as dtfl.t.d by tho consumer prier indu. Th".
proc.dur< follows that used by H. D. Vinod.'o

30. If. P. '"inod. ""Btll Sy'ltm Sul1t Economies &nd Estimation of Joint r,orluclion FUflClions: Btll Tdrphone LlhonlilJit,
Inc.. p. 14.
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~ Data Sourcea

The follo"'ine tables list tbe specific data fl)urces thlt are required for \be computllions used in
thi. Special Report. Full c:Itatlons fpr eacb dlta source marked ",ith In asterisk mlY be found in
Section a. References.

...,5 Data Sourcea (continued)

Figure "-2. Material Quantity and Price
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Figure "-I. Labor QUlntity Ind Price

Page
Montbly or

Item ~ Years Schedule Line Col.

1. Total Labor Compensation Bell System Statisticil Mlnual"
(A4012Y)

2. 1I0urs Worked (A.. 101Y) Christensen. Christensen & Schoech"

3. Compensation Index Christensen. Christensen & Scboecb.
(A.. I02Y & 84102Y)

... Wage Eamines or MR23 11 & 72 1 51 R or S
Quarterly Wage
Earning. (8101 Y 13-76 3 4 ForO
AIIOIQ. & 8IOIQ)

17-33 0 4 A

5. Wage Earnings or MR23 71 & 72 Not AVlilable
Quarterly Wage
Earnings Allocated 13-16 3 7 For D
to Pllnt Construction
(8I02Y. A1I02Q. & 8802Q) 71-113 0 .. 0

6. Wage Earnings or MR23 71 & 72 Not AVlilable
Quarterly Wlge
Earnings Alloclled 13-16 3 II For 0
to Pllnt Removi I
(BII03Y. A1I03Q. & 8I03Q) 71-113 0 .. E

1. Benefits (84014Y. FCC Statistics of Communication Common Carrier"
A4014Y. & UOI4Y)

II. Plyroll (A..OH Y) Bell System Statistical Mlnual"

9. Employees (AIIHY & MR23 11 & 72 1 11 C
88l1Y)

73-16

17-113 A 6 A
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Page
Monthly or

Item ~ Years Schedule Line ("'-0 •.

l. Tot. Oper. Expenses MR.5 71-7.5 I 4/1 A
(A44OQ) 76-19 I 49 A

80-83 I 46 A

2. 0rerating Rent.' MR.5 71-7.5 1 41 A
(A440Q) 16-19 1 42 A

80-/13 1 3'1 A

3. Total Depreciltion and I\IR.5 71-113 I 13 A
Amorti7.3tion Expense
(A440Q)

4. Total Earnings MR23 71 & 72 1 .51 S
(A80IQ) 13-76 3 4 0

17-83 0 I A

.5. F.arnings Alloclted to MR23 11 & 72 1 Not Available
Plant Construction (AII02Q) 13-16 3 7 D

17-113 0 1 D

6. Earnings AtlOClled to MR23 71 & 72 1 Not Available
Plant Removal (AII03Q) 13-76 3 II D

17-113 0 1 E

7. Payroll Bell System SUtistical Manual·
(A4UIIY)

6. Total Compensation Bell System Statistical Manual·
(A4012Y)

9. Price of Materia Is GNP Deflator·
(A442Q)
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